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Abstract 
 
Tumor cells overcome anti-tumor responses in part through immunosuppressive mechanisms. There are several 
immune modulatory mechanisms. Among them, adenosine is an important factor which is generated by both 
cancer and immune cells in tumor microenvironment to suppress anti-tumor responses. Two cell surface 
expressed molecules including CD73 and CD39 catalyze the generation of adenosine from adenosine 
triphosphate (ATP). The generation of adenosine can be enhanced under metabolic stress like tumor hypoxic 
conditions. Adenosine exerts its immune regulatory functions through four different adenosine receptors 
including A1, A2A, A2B, and A3 which are expressed on various immune cells. Several studies have indicated 
the overexpression of adenosine generating enzymes and adenosine receptors in various cancers which was 
correlated with tumor progression. Since the signaling of adenosine receptors enhances tumor progression, their 
manipulation can be promising therapeutic approach in cancer therapy. Accordingly, several agonists and 
antagonists against adenosine receptors have been designed for cancer therapy. In this review, we will try to 
clarify the role of different adenosine receptors in the immunopathogenesis, as well as their role in the treatment 
of cancer. This article is protected by copyright. All rights reserved 
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Introduction 
 
Cancer cells exhibit several features including high proliferation, immunosuppression, resistance against 
apoptosis, high replicative immortality, neoangiogenesis, and metastasis. The immortality of malignant cells 
demonstrates the failure of the host anti-tumor immune responses to control the growth and metastasis processes. 
Cancer cells induce an immunosuppressive microenvironment in which they can freely expand and growth 
(Khalil et al., 2016; Mahoney et al., 2015). Various immune cells such as regulatory T (Treg) cells (Jadidi-
Niaragh et al., 2013), myeloid derived suppressor cells (MDSCs) (Yazdani et al., 2015), type II natural killer T 
(NKT II) cells (Ghalamfarsa et al., 2013), and tumor associated macrophages (M2 macrophages) are involved in 
the immunosuppression process (Cui et al., 2016). Soluble factors such as inhibitory cytokines [interleukin (IL)-
10, IL-35, transforming growth factor (TGF)-β)], hypoxia inducible factor (HIF), and adenosine are other 
important immunosuppressive factors that help to tumor progression (Kitamura et al., 2015). Regarding the 
important role of the immune system in the tumor progression, immune modulating factors such as adenosine 
may be considered as the crucial determinants for tumor development. It has been shown that the concentration 
of adenosine is significantly increased (10–20-fold higher than normal situation) in tumor microenvironment, 
which may help to cancer progression (Blay et al., 1997). Adenosine is a purine nucleoside that is released from 
cells or generated extracellularly following cleavage of adenosine 5′-triphosphate (ATP) by two cell surface 
enzymes including CD73 and CD39 (Jadidi-Niaragh et al., 2016). Adenosine can suppress various immune cells 
involved in anti-tumor responses and promote the development of immunosuppressive cells such as Treg and 
MDSCs through binding to adenosine receptors (Antonioli et al., 2013). It is demonstrated that a transient or 
chronic hypoxia which is appeared in solid tumors enhances the accumulation of adenosine in tumor area (Blay 
et al., 1997). Inhibition of anti-tumor responses by adenosine has been reported by several investigators both in 
vitro and in vivo (Gessi et al., 2002; Hoskin et al., 1994a; Hoskin et al., 1994b; MacKenzie et al., 2002). Most 
recently, we have been shown that inhibition of adenosine production can significantly arrest tumor growth, in 
vivo (Jadidi-Niaragh et al., 2017). Moreover, it is suggested that blockage of adenosine receptors through 
specific antagonists can be potent promising therapeutic approach for cancer therapy (Fredholm, 2007; 
Raskovalova et al., 2005). In this review, we tried to clarify the role of adenosine and adenosine receptors in the 
cancer development as well as their therapeutic potentials.  
 
 
Adenosine receptors 
 
There are four subtypes of adenosine receptors (ARs) in humans, including A1R, A2AR, A2BR, and A3R that 
each receptor exhibits distinct pharmacological properties, cell and tissue distribution, and secondary effector 
signaling (Cronstein, 1994). ARs are members of seven transmembrane glycoproteins family coupled with G 
proteins and are extensively distributed throughout the body. There is about 49% homology between A1 and A3 
and 59% between A2A and A2B receptors. While A1, A2A and A3 receptors show high affinity, A2B has low 
affinity for adenosine binding (Ciruela et al., 2010). Initial classification of ARs into A1 and A2 was based on 
pharmacological analyzes such as affinity to their ligands, different responses to ligands and response to 
methylxanthines (Calker et al., 1979; Londos et al., 1980). The heterogeneity of A2Rs had led to their 
classification into A2AR and A2BR based on high affinity of A2AR and low affinity of A2BR to adenosine in 
the rat brain (Daly et al., 1983). A1R gene in human is located on 1q32.1 (Megson et al., 1995) and in mouse 
(Yaar et al., 2005) is on chromosome 1. A1R sequence is more conserved among species than other ARs 
(Ramkumar et al., 1991). A2A gene is on human chromosome 22q11.23 (Deckert et al., 1997; Dubey et al., 
1996; MacCollin et al., 1994) and on mouse chromosome 10 (Yaar et al., 2005). This 410 amino-acid receptor 
(409 amino-acids in mouse) is the largest AR due to its extended carboxy terminal (Jacobson et al., 1997; 
Piersen et al., 1994). The A2B and A3 genes are on human chromosomes 17p12-11.2 (Jacobson et al., 1995) and 
1p21-p13 (Atkinson et al., 1997) and on mouse chromosomes 11 and 3, respectively (Yaar et al., 2005). A3R is 
the only AR that was cloned before discovering its pharmacological identifications (Meyerhof et al., 1991). 
Interestingly, A3R was the first cloned as an orphan receptor (Meyerhof et al., 1991) and then as a methyl-
xanthine sensitive AR in rat (Zhou et al., 1992), xanthine sensitive AR in sheep (Linden et al., 1993) and finally 
as an relatively xanthine sensitive AR in human (Linden, 1994; Sajjadi and Firestein, 1993; Salvatore et al., 
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1993). The most diversity is seen on A3R which has 30% diversity in its amino-acids between human and rat 
(Yaar et al., 2005). In human, A1R is mainly expressed in the central nervous system (CNS), whereas A2BR and 
A3R are expressed mainly peripherally and involved in inflammation and immune responses. A2AR is 
expressed in both the CNS and peripheral, so it can regulate both the neurologic and immunologic responses 
(Fredholm et al., 2005; Haskó et al., 2009b; Lane et al., 2011; Linden, 2011; Ohta and Sitkovsky, 2001). It has 
been shown that various classes of proteins including serine-threonine or tyrosine protein kinases, β-arrestins and 
scaffolding proteins can bind to ARs (Ciruela et al., 2010). Signaling of ARs is usually cytoprotective in various 
tissues under a wide variety of physiological conditions (Fredholm et al., 2001b; Fredholm et al., 2011). A1 and 
A3 receptors signals are mediated through Gi and Go members of G proteins family and decrease cAMP levels. 
On the other hand, A2A and A2B receptors stimulate adenylyl cyclase trough Gs protein and increase cAMP 
levels. Moreover, A2BRs can also stimulate phospholipase C via Gq protein (Ji and Jacobson, 1999). It has also 
been reported that ARs can also exert their signaling through the activation of mitogen-activated protein kinase 
(MAPK) signaling pathway in some cell types which resulted in stimulation of extracellular signal-regulated 
kinase1 (ERK1), ERK2, JUN kinase and P38 kinase (Graham et al., 2001; Hoskin et al., 2008; Raman et al., 
2007; Schulte and Fredholm, 2000). The signaling pathways of ARs are illustrated in figure 1. 
All four human ARs have been cloned and characterized (Ferré et al., 2009; Ginés et al., 2000; Kong et al., 2012; 
Libert et al., 1992; Peterfreund et al., 1996; Pierce et al., 1992; Salvatore et al., 1993; Weiß and Grisshammer, 
2002). The human A2AR was the first non-rhodopsin, non-adrenergic GPCR for which an X-ray 
crystallographic structure was identified (Jaakola et al., 2008) and led to design of selective agonist and 
antagonist drugs (Carlsson et al., 2010; Katritch et al., 2010). The three-dimensional structure of other ARs has 
been predicted and efforts for their crystallization and investigation of their roles in diseases in order to design of 
new potent AR ligands are going on. 
 
The role of Adenosine in cancer 
 
Since the solid tumors are usually deprived from the sufficient oxygen, tumor cells are under hypoxic condition. 
Hypoxia enhances a adenine nucleotide breakdown, which then leads to increased concentration of adenosine in 
tumor microenvironment (Vaupel et al., 1989). Accordingly, it is reported that the adenosine level is 
significantly increased in the extracellular fluid of solid tumors (Blay et al., 1997). It has been thought that 
secretion of adenosine following hypoxic condition leads to enhancement of angiogenesis which will promote 
tumor growth. Although there are controversial reports regarding the effect of adenosine on the release of 
angiogenic factors (Burnstock, 2002), it seems that it increases the secretion of vascular endothelial growth 
factor (VEGF) (Grant et al., 1999) and promotes the proliferation of endothelial cells (Burnstock, 2002; Van 
Daele et al., 1992). The stimulatory effects of adenosine on the DNA synthesis (Ethier et al., 1993) and 
endothelial cell migration (Lutty et al., 1998) more substantiate the angiogenesis promoting properties of this 
factor. 
In contrast to angiogenic-promoting effects of adenosine, there is evidence which indicates that adenosine 
enhances apoptosis process in the human leukemia HL60, melanoma A375, and astrocytoma cells at mM 
concentrations through the intracellular actions of adenosine rather than surface receptors (Tanaka et al., 1994). 
However, it is demonstrated that the inhibitory effect of adenosine on tumor growth is limited to its low 
concentrations (lower than 25 mM) (Fishman et al., 2001), because in high concentrations (100 mM) this 
inhibition was progressively reversed (Khoo et al., 1996). Moreover, it is suggested that the inhibitory effect of 
adenosine on tumor growth is mainly through the cytostatic mechanism rather than an apoptotic process 
(Fishman et al., 2001). It seems that adenosine at µM concentrations can directly inhibit the proliferation of 
cancer cells and tumor-promoting role of adenosine is mediated through its immunosuppressive effects on anti-
tumor responses (Fishman et al., 1998). 
Adenosine inhibits the induction and development of cytotoxic T lymphocytes and the anti-tumor function of 
NK cells (MacKenzie et al., 2002; Williams et al., 1997). Adenosine plays an important role in the intrathymic 
apoptotic deletion of T cells during development (Barbieri et al., 1998b). Moreover, deletion of adenosine form 
thymocytes culture by adenosine deaminase led to increased proliferation of these cells (Sandberg, 1983). On the 
other hand, it is reported that adenosine impairs the induction of mouse cytotoxic T lymphocyte, without 
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affecting their survival (MacKenzie et al., 2002). In addition to direct inhibition of anti-tumor lymphocytes, 
adenosine can also suppress T cell priming in part through suppression of IL-12 and TNF-α production by 
dendritic cells (DCs) and macrophages (PANTHER et al., 2001). Moreover, adenosine suppresses M-CSF-
mediated proliferation of murine bone marrow-derived macrophages (Xaus et al., 1999). 
As discussed above, it seems that when adenosine is generated at high levels, similar to what observed in tumor 
microenvironment, it inhibits anti-tumor function of both lymphocytes and APCs to help tumor growth. The 
inhibitory effects of adenosine on lymphocyte proliferation in cancer patients is significantly higher than normal 
individuals (Bajaj et al., 1983) which may be in part due to upregulation of ARs on lymphocytes derived from 
cancer patients.  Therefore, blockage of the pathways leading to adenosine production such as CD39 and CD73 
or inhibition of ARs may be considered as potent therapeutic approach for cancer therapy. The overexpression of 
ARs in all reported cell lines and the role of ARs in cancer cells are listed in tables 1 and 2, respectively. It 
should be noted that the reported expression levels of ARs are mRNA expression and not protein due to 
incompleteness of the protein expression data of ARs. Moreover, the databanks of mRNA expressions are 
consistently being updated and the expression of mRNA and protein of ARs in many cell lines is yet to be 
determined. Studies have noted that the low mRNA expression is not predictive of the presence of ARs on cell 
surface due to post-transcriptional mechanisms which determine the rate of protein expression and also due to 
specific mRNAs or proteins the half-lives. (Audic and Hartley, 2004; Gessi et al., 2007; Gygi et al., 1999; 
Weinzierl et al., 2007). So, it would be better to report protein expression rather than mRNA expression. For 
instance, the mRNA expression of A3R in colon cancer cell lines were low, while in protein level, the most 
expression was for A3R (Gessi et al., 2007) but due to incomplete and incomprehensive information of protein 
expression in comparison with mRNA expression, the mRNA expressions are reported. 
It would be noteworthy that the effect of ARs on increasing or decreasing proliferation of cells is dose-
dependent. For example, in colorectal carcinoma and colon cancer cell lines the effect of ARs in proliferation 
was totally dose-dependent (Gessi et al., 2007) and also in high dose, adenosine might decrease the proliferation 
and induce apoptosis in breast cancer cell lines (Hashemi et al., 2005). The mechanisms of these dose-dependent 
effect is not fully understood but it might be to some extent due to desensitization or occupation of other ARs in 
high dose of adenosine or ARs agonists (Trincavelli et al., 2002). 
 
Adenosine receptors in cancer 
A1Rs in cancer 
 
Although several studies attempted to clarify the role of A1R in cancer progression, its precise function during 
tumor development is elusive. It is demonstrated that the expression of A1R is increased in colorectal 
adenocarcinomas and peritumoural colon tissues (Khoo et al., 1996). Upregulation of A1R has also been 
demonstrated in the human leukemia Jurkat and human melanoma A375 cell lines (Gessi et al., 2001; Merighi et 
al., 2001). 
The anti-proliferative effects of A1R agonists have been shown in the human LoVo metastatic (D'Ancona et al., 
1993) and TM4 cell lines (Shaban et al., 1995). Similar results were demonstrated following stimulation of A1R 
in MOLT-4, T47D, HS578T, and MCF-7 cell lines (Mirza et al., 2005; Woodhouse et al., 1998).  
Adenosine helps to tumor cells chemotaxis which may be effective in tumor metastasis process. It should be 
noted that this chemotaxis could be inhibited by A1R-antagonist (Woodhouse et al., 1998). 
Anti-apoptotic and pro-survival effects of A1R in normal cells have also been reported (Lee and Emala, 2002; 
Liu et al., 2002). In contrast, there is evidence implying the pro-apoptotic effects of A1R in primary cultured rat 
astrocytes and in C6 glial cells (Appel et al., 2001; Di Iorio et al., 2002). Moreover, it is reported that A1R do 
not affect the proliferation and survival of A375 human melanoma cells (Merighi et al., 2002).  
While the cisplatin upregulates the expression of A1R in the rat kidney (Bhat et al., 2002), it is reported that 
A1R antagonists exert contradictory functions in the cisplatin-induced nephrotoxicity (Bhat et al., 2002; 
Heidemann et al., 1989; Knight et al., 1991). Moreover, overexpression of this receptor has also been 
demonstrated in MDA-MB-468 human tumor cell lines where downregulation of A1Rs by siRNA attenuates 
both cell growth and proliferation and enhances cell death and apoptosis (Mirza et al., 2005). The increased 
expression of A1Rs has also been found in the tumor microenvironment in the F98 glioma-bearing rats (Bauer et 
al., 2005). Expression of A1R in rat brain tumors and in rat C6 glioma cells has been detected in different 
investigations (Castillo et al., 2007; Dehnhardt et al., 2007). 
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In another study, Synowitz and coworkers reported that depletion of A1R was associated with vigorous 
development of experimental glioblastoma and strong infiltration of microglial cells around the tumors. 
Expression of A1R was also increased on tumor-resident microglia compared to microglia in the unaffected 
brain tissue. They also found A1R on microglia from human glioblastoma resections. Although the use of A1R 
agonists in organotypical brain slice cultures inhibited tumor growth, depletion of microglial cells from the slices 
led to tumor growth which implies that adenosine-mediated inhibition of glioblastoma progression depends on 
activation of A1 in microglial cells (Synowitz et al., 2006). 
It has also been demonstrated that A1R signaling can enhance cell death in the rat astrocytoma cells in part 
through activation of caspases 3 and 9 (Sai et al., 2006). Similarly, adenosine could induce apoptosis in the CW2 
human colonic cancer cells by activating caspases 3, 8 and 9. This effect was inhibited by an A1R antagonist. 
Moreover, intraperitoneal administration of adenosine into CW2 bearing mice led to tumor arrest through 
inducing apoptosis via A1Rs (Saito et al., 2010). A recent study also showed the influence of adenosine on the 
epithelial integrity and inhibition of inflammation through A1R in healthy endometrium. It is reported that 
downregulation of adenosine through blockage of CD73 and A1R signaling is associated with the progression of 
endometrial carcinoma (Bowser et al., 2016). This was the first report that claimed inhibition of CD73 and 
adenosine signaling lead to tumor progression. Therefore, it seems that inhibition of adenosine, ARs or 
adenosine producing enzymes may be considered with respect to the tumor type or disease stage.  
 
A2ARs in cancer  
There is no comprehensive data regarding the physiological functions of A2AR including protection against 
apoptosis and toxic insults. However, it is known that A2ARs are involved in the anti-ischemic action of 
adenosine (Vossler et al., 1997). A2ARs are expressed on hematopoietic cells and inhibit generation of 
inflammatory mediators in activated macrophages, neutrophils, DCs, NK cells and lymphocytes (Raskovalova et 
al., 2006; Scheibner et al., 2009; Schnurr et al., 2004; Visser et al., 2000). Among the four AR subtypes, A2AR 
exerts the most immunosuppressive functions. Hence, deletion of A2AR results in the higher and lethal 
inflammation in response to moderate stimuli compared to other ARs. A2AR signaling can potently inhibit TCR-
induced cytokine production (Raskovalova et al., 2007) and induce anergy in CD4
+
 T cells (Zarek et al., 2008). 
Administration of A2AR agonists into inflammatory autoimmune experimental models could also attenuate 
disease progression which implies anti-inflammatory function of A2AR (Odashima et al., 2005). It is well 
known that A2AR has indispensable effect in the control of inflammation, in vivo (Ohta and Sitkovsky, 2001). 
Ligation of A2AR on immune cells, such as macrophages, T cells, DCs and NK cells can suppress their effective 
functions such as cytotoxicity and secretion of pro-inflammatory cytokines (Hoskin et al., 2008; Schnurr et al., 
2004; Sullivan, 2003). In addition, signaling of A2AR in NK cells can hamper tumor cell death through FasL, 
geranzyme and perforin as well as inhibit the production of pro-inflammatory cytokines IFN-γ, TNF-α, IL-2, 
MIP-1α, M-CSF and G-CSF (Beavis et al., 2013; Lokshin et al., 2006; Raskovalova et al., 2006). The influence 
of A2AR on MAPK signaling may be in part related to cAMP level-dependent and -independent mechanisms 
(Klinger et al., 2002). Therefore, A2AR signaling suppresses the function of both CD4
+
 and CD8
+
 T cells 
(Naganuma et al., 2006; Sevigny et al., 2007). In the view point of CD4
+
 T cell subsets, A2AR signaling blocks 
the generation of TH1 and TH17 cells and induces the development of Treg cells (Zarek et al., 2008). 
In vivo studies have been shown that blockage of A2ARs is associated with neuroprotective outcome, thereby it 
seems that A2AR signaling may be detrimental in neurons (Ongini and Schubert, 1998). There are some 
controversies about the pro- or anti-apoptotic effects of A2AR which may be in part related to the cell type, 
degree of receptor activation, and/or coupling to different transduction mechanisms (Cassada et al., 2001). 
The expression of A2ARs have been detected on the surface of various human tumor cells, such as SH-SY5Y 
neuroblastoma, NG108-15 neuroblastoma x glioma hybrid, U937 monocytic lymphoma, Jurkat T-cell leukemia, 
A431 epidermoid cells, A375 melanoma, colon carcinoma HT29 and DLD-1 cells, U87MG human glioblastoma 
cells, and human breast cancer MCF-7 cells (Etique et al., 2009; Gessi et al., 2001; Hillion et al., 2002; Merighi 
et al., 2001). It has been shown that A2A agonist enhances the proliferation of MCF-7 cells and also can 
interfere with the ethanol-induced activation of estrogen receptor (ER) signaling (Etique et al., 2009). A2AR has 
also been increased in hepatocellular carcinoma and ligation of A2AR in Hep3B cells can increase the 
expression of erythropoietin both in vitro and in vivo (Fisher and Brookins, 2001; Nagashima and Karasawa, 
1996).  It is demonstrated that A2AR signaling in tumor infiltrating T cells leads to suppression of their anti-
tumor response (Koshiba et al., 1997). Accordingly, A2AR deficient mice showed increased antitumor immune 
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responses via CD8
+
 T cells, which was associated with tumor growth arrest. Moreover, it is reported that 
adenosine-resistant effector T cells, generated through exposure of activated T cells to non-selective AR agonist, 
N-ethylcarboxamidoadenosine NECA, are more effective in adoptive immunotherapy (Ohta et al., 2009). Based 
on above discussed studies, it seems the development of A2AR antagonists may be an effective strategy to 
overwhelm immunosuppressive effects of adenosine in the tumor microenvironment.  
Adenosine facilitates the wound healing process in part through enhancement of angiogenesis in response to 
tissue injury via A2AR (Montesinos et al., 2002; Montesinos et al., 1997). There are also other studies implying 
the angiogenic effects of adenosine, in vivo (Leibovich et al., 2002; Sexl et al., 1995; Sexl et al., 1997). Thus, it 
seems that tumor protecting effects of A2AR is not limited to suppression of anti-tumor responses and it can 
promote tumor growth through angiogenic effects. It should be noted that angiogenesis is an important factor for 
tumor metastasis. Accordingly, it is reported that A2AR signaling can promote the proliferation of endothelial 
cells which leads to enhanced angiogenesis and tumor metastasis (Lutty and McLeod, 2003). So, it seems that 
administration of A2AR antagonists may be associated with downregulation of tumor growth in part through 
blockage of angiogenesis and metastasis. 
 
A2BRs in cancer 
Although the A2BR is expressed in many tissues, the precise physiological features of A2BR are not fully 
described. It is found that only high concentrations of adenosine (under pathophysiological conditions) can 
activate A2BR. While the stimulation of A2BR can induce apoptosis in arterial smooth muscle cells (Peyot et al., 
2000), its signaling inhibits death of mesencephalic dopaminergic neurons (Michel et al., 1999). It has also been 
demonstrated that adenosine suppresses the proliferation of macrophages in an A2BR-dependent manner (Xaus 
et al., 1999). The crucial role of A2BR in tumor progression has been shown in various solid tumors such as 
bladder, breast, colon and prostate tumors (Cekic et al., 2012; Ma et al., 2010; Wei et al., 2013). Overexpression 
of A2BR has been observed in oral squamous cancer cells (OSCC) which was associated with tumor progression 
(Kasama et al., 2015). 
There is evidence implying the angiogenic effect of A2BR (Feoktistov et al., 2002), particularly in the human 
retinal endothelial cells (HREC) (Grant et al., 1999). A2BR signaling promotes the neovascularization process 
through upregulation of angiogenic growth factors such as VEGF, IL-8, and basic fibroblast growth factor 
(bFGF) (Feoktistov et al., 2002; Merighi et al., 2007b; Zeng et al., 2003), however, other ARs enhance 
angiogenesis without increasing VEGF (Koszałka et al., 2016). A2BR signaling can affect the maturation and 
function of DCs (Novitskiy et al., 2008; Yang et al., 2010b). A2BR signaling during the generation of DCs from 
monocytes leads to appearance of the peculiar phenotype of DC (Novitskiy et al., 2008), which can promote 
angiogenesis by producing VEGF (Novitskiy et al., 2008). Ligation of A2BR can also reduce the secretion of 
gamma interferon (IFN-γ) and CXCL10 (Antonioli et al., 2013). Moreover, stimulation of A2BR enhances the 
growth and proliferation of endothelial cells (Dubey et al., 2002; Grant et al., 1999). Blockage of A2BR affects 
the E-selectin and ICAM-1 expression on endothelial cells, which leads to modulation of leukocyte adhesion and 
rolling (Yang et al., 2006). Increased plasma leakage and neutrophil infiltration in tissues has also been 
demonstrated in the A2BR-deficient hypoxia mice model (Eckle et al., 2008), which implies an important role of 
A2BR in maintenance of endothelium integrity in hypoxia condition (Haskó et al., 2009a). Thus, it seems that 
application of A2BR antagonists may be a useful approach for in vivo suppression of angiogenesis process in 
tumor. 
It has been shown that A2BR signaling inhibits the ERK-1/2 signaling pathways which results in growth 
inhibition (Bieber et al., 2008). The high expression of A2BRs in some tumor cells such as an ER negative breast 
cancer cell line MDA-MB-231 and  their antiproliferative effects make these receptors as the promising target 
for cancer therapy (Dhillon et al., 2007). While the inhibition of angiogenesis needs to the use of A2BR 
antagonists, growth inhibition through ERK1/2 requires to A2BR agonists. So, there is a dilemma in which we 
should investigate the relative importance of each pathway for tumor progression before therapeutic suggestions 
can arise. 
A2BR deficient mice show decreased tumor growth and increased survival time after inoculation with Lewis 
lung carcinoma which was associated with significantly reduced levels of VEGF compared to control mice 
(Ryzhov et al., 2008). Therefore, it seems that there is close relation between A2BR on tumor cells, VEGF, and 
tumor progression, implying the higher importance of angiogenic effects of A2BR compared to ERK-1/2 
inhibition. 
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There are also other studies indicating the role of A2BR in regulation of secretion of some inflammatory 
cytokines such as IL-6 (Fiebich et al., 1996) and IL-8 (Merighi et al., 2009), however, it should be further 
investigated. 
Vecchio et al. have recently been reported that A2BR can significantly enhance the proliferation of  prostate 
tumor cell lines through constitutive adenosine-independent function, in vitro (Vecchio et al., 2016). The AR-
independent apoptotic effect of adenosine has also been reported by several investigators. Adenosine kinase can 
change adenosine to AMP in the cancer cells (Nogi et al., 2012; Sai et al., 2006; Yang et al., 2010a; Yang et al., 
2011; Yang et al., 2007). Activation of MAPK pathway by high levels of AMP can lead to activation of caspases 
3 and 9 (Sai et al., 2006). Adenosine induces apoptosis through caspase 8-dependent (Yang et al., 2007) or 
caspase-independent mechanisms (Nogi et al., 2012). Hence, adenosine and ARs exhibit various activities that 
are independent of each other and this issue should be considered in adenosinergic therapy. 
 
 
A3Rs in cancer 
 
A3R is a Gi-coupled molecule which can be detected in some human tissues such as lung, liver, brain, aorta, 
testis and heart (Gessi et al., 2004; Madi et al., 2004). It is reported that A3R signaling can exert both the neuro- 
and cardio-protective effects (Abbracchio and Burnstock, 1998; Appel et al., 2001; Liu et al., 1994). Expression 
of A3R has been detected in various tumor cells such as astroglial (Ceruti et al., 1997), murine bone marrow 
(Fishman et al., 1998) , HL60 and K562 human leukemia (Gessi et al., 2002; Kohno et al., 1996), Jurkat 
lymphoma (Gessi et al., 2001), U937 monocytic macrophagic human cell lines (Yao et al., 1997), Nb2 rat 
lymphoma (Fishman et al., 2002), A375 human melanoma (Merighi et al., 2001), PGT-b mouse pineal gland 
tumor cells (Suh et al., 2001), human glioblastoma (Gessi et al., 2010; Merighi et al., 2006), and human prostatic 
cells (Jajoo et al., 2009).  
A3R has the low expression in the normal tissues, whereas its expression is significantly increased in tumor cells 
(Suh et al., 2001), so it may be considered as tumor marker. However, there is no comprehensive comparative 
study related to the expression levels of A3Rs on normal and tumor tissues. Accordingly, it is demonstrated that 
the expression of A3R is increased in colorectal cancer which was associated with disease progression (Gessi et 
al., 2004). There are similar reports regarding the increased expression of A3R in different malignant tumors 
including human melanoma, colon, breast, small-cell lung, and pancreatic carcinoma (Bar-Yehuda et al., 2008; 
Madi et al., 2004; Morello et al., 2008). Upregulation of A3R has also been detected in peripheral blood 
mononuclear cells (PBMCs) which were derived from the hepatocellular carcinoma patients compared to normal 
individuals (Bar-Yehuda et al., 2008). A3Rs display a sustained expression on tumor cells and can affect on 
proliferation and cell death (Gessi et al., 2001; Suh et al., 2001). It has recently been reported that A3R signaling 
is associated with pro-survival effects in human melanoma cells (Merighi et al., 2002). There is also evidence 
which indicates that only low levels of adenosine exert anti-apoptotic effects through A3R and its high levels 
induce apoptosis via engagement of A3Rs (Brambilla et al., 2000; Fishman et al., 2000b; Gao et al., 2001; Kim 
et al., 2002). Moreover, it is elaborated that A3R signaling is principally dependent on the cell- or tissue-specific 
context (Kim et al., 2002). It has also been suggested that A3R signaling in tumor cells leads to mainly cytostatic 
rather than apoptotic effects, in a dose dependent manner (Brambilla et al., 2000). 
On the other hand, it is reported that muscle tissues are resistant to tumor metastasis which was related to the 
A3R signaling (Fishman et al., 1998). The mechanism by which A3R exerted this function was in part through 
the inhibition of telomerase activity and cell cycle arrest in the G0/G1 phase, which resulted in cytostatic effect 
in Nb2-11C lymphoma cells (Fishman et al., 2000b). Moreover, A3R can attenuate tumor progression through 
the modulation of WNT pathway (Fishman et al., 2004). WNT pathway, which enhances tumor cell 
proliferation, is regulated by glycogen synthase kinase (GSK)-3β that is pivotal for β-catenin phosphorylation. 
The β-catenin promotes the expression of genes such as c-myc and cyclin D1 that are involved in cell cycle 
progression. Exposure of tumor cells to A3R agonists leads to downregulation of A3R and its downstream 
molecules such as protein kinase A (PKA) and protein kinase B (PKB/Akt). For compensation, GSK-3β goes to 
be increased, which results in the destabilization of β-catenin and then downregulation of cyclin D1 and c-myc 
proteins. In addition, it is reported that stimulation of A3R can decrease the metastatic potential of prostate 
cancer cells in vivo, in part through the inhibition of reduced PKA-mediated stimulation of ERK1/2, which leads 
to lower NADPH oxidase activity and cancer cell invasiveness (Jajoo et al., 2009).  
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Matrix metalloproteinases (MMPs) play an important role in the metastasis process (Mirshafiey et al., 2014). 
Accordingly, stimulation of A3R in U87MG human glioblastoma cells leads to upregulation of MMP-9 through 
the phosphorylation of ERK1/2, c-Jun N-terminal kinase/stress-activated protein kinase (pJNK/SAPK), 
PKB/Akt, and activator protein 1 (AP-1) which increase tumor cell invasion and metastasis (Gessi et al., 2010). 
Interestingly, A1R and A3R signaling stopped cell cycle through reduction of cAMP level which was associated 
with downregulation of PKB/Akt signaling. On the other hand, stimulation of  A2AR increased the cAMP level 
that could also inhibit cell cycle promotion, implying the dual role of cAMP in proliferation (Lyons et al., 2013; 
Nardin et al., 2014).   
It has been shown that adenosine increased the expression of HIF-1α in response to hypoxia in human 
melanoma, glioblastoma and colon cancer cells, which is in part through the A3R signaling (Merighi et al., 
2005a; Merighi et al., 2007a; Merighi et al., 2006). Activation of MAPK pathway through the A3R signaling is 
responsible for adenosine-mediated upregulation of HIF-1α protein (Merighi et al., 2005a). Upregulation of HIF-
1α in solid tumors increases the generation of extracellular adenosine in the positive loop manner (Linden, 2001; 
Semenza, 2000; Sitkovsky et al., 2004). It is well known that HIF-1 is involved in the promotion of tumor 
angiogenesis and metastasis (Semenza, 2003). 
There are contrasting results regarding the stimulatory (in glioblastoma and colon cancer) (Merighi et al., 2007a; 
Merighi et al., 2006) or inhibitory (in pheochromocytoma PC12 cells) (Olah and Roudabush, 2000) effects of 
A3R signaling on the expression of VEGF. It is suggested that A2BR and A3R cooperatively induce the 
expression of angiopoietin-2 and VEGF in melanoma cells, which enhance angiogenesis process (Feoktistov et 
al., 2003; Merighi et al., 2005a). 
It seems that angiogenic and metastatic effects of A3R signaling are cell, tissue, and tumor type specific. 
Therefore, designing new therapeutic approaches based on targeting A3R in each tumor type needs to precise 
investigation of pro- or anti-tumor function of A3R signaling in that tumor. 
 
 
Adenosine receptor agonists/antagonists and cancer therapeutic approaches 
 
The importance of AR signaling pathways has been demonstrated in the physiological and pathophysiological 
conditions such as inflammatory conditions, heart attack, ischemia-reperfusion injury, vascular injury, sepsis, 
respiratory disorders, obesity, diabetes,  inflammatory bowel disease, retinopathy, CNS disorders, and cancer 
(Baraldi et al., 2008). Nonselective AR antagonists such as caffeine, for maintaining wakefulness, and 
theophylline for treating bronchospasm were the initial manipulating tools for modulation of ARs signaling. 
Several selective AR agonists and antagonists are underway for a variety of disorders. Physical structure and 
conjunction of ARs with other receptors (for example, dimerization of A2AR/D2 dopamine receptor in 
Parkinson’s disease) are of important factors that should be considered for pharmacologic manipulation of ARs 
in various disorders (Canals et al., 2003; Ferré et al., 2009). Several attempts have been devoted for development 
of selective ligands of all four types of ARs (Ortore and Martinelli, 2010). It should be noted that development 
of new ligands in animal models must be precisely investigated, because there is a marked species specificity in 
the ARs for binding with their ligands (Ukena et al., 1986). 
Due to action of enzymes such as adenosine deaminase or adenosine kinase and also function of nucleoside 
transporters, adenosine has a very short half-life (about 1 second) in circulation (Fredholm et al., 2001a; 
Fredholm et al., 2011; Müller and Scior, 1993). Thus, development of adenosine agonists bypass these 
limitations and exhibits higher half-life compared to adenosine (Van Troostenburg et al., 2004). Although 
several AR agonists have been developed so far, however, only one of them (A2AR agonist regadenoson, 
Lexiscan™) is in clinical use, which is mainly for a diagnostic purpose rather than therapeutic use (Klaasse et 
al., 2008). AR desensitization, which is downregulation of receptor following the administration of receptor 
agonist, is another concern which should be considered for development of AR agonists (Klaasse et al., 2008). 
Most of the AR agonists are purine nucleosides derivatives, including adenosine or xanthosine (Beukers et al., 
2004; Yan et al., 2003). For a long time, adenosine was the single adenosine agonist for treatment of human 
disorders. Currently, adenosine is selective factor in treatment of paroxysmal supraventricular tachycardia and 
diagnosis of myocardial perfusion imaging. Furthermore, adenosine has been analyzed in various trials for the 
treatment of inflammation, neuropathic and perioperative pain, and cardioprotection. It seems that A1R agonists 
are appropriate for the treatment of cardiac arrhythmia, ischemia, and sleep disorders (Elmenhorst et al., 2007; 
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Porkka-Heiskanen et al., 2002). Moreover, it has been shown that A2A agonists are associated with anti-
inflammatory and immunosuppressive effects (Palmer and Trevethick, 2008). On the other hand, ligation of the 
A2BR attenuates vascular injury (Yang et al., 2008). Finally, stimulation of A3R is useful in the treatment of 
autoimmune diseases, such as inflammatory bowel diseases, rheumatoid arthritis and psoriasis and also for 
cardiac and brain ischemia (Madi et al., 2007; Safarzadeh et al., 2016). 
Xanthines analogues were the initial AR antagonists, which exhibited several limitations (Muller and Stein, 
1996; Sauer et al., 2000; Weyler et al., 2006). 
However, recently developed AR antagonists and prodrug approaches have reduced some of these issues (Müller 
et al., 2002; Sauer et al., 2000; Vollmann et al., 2008; Weyler et al., 2006). The roles of ARs agonists/antagonists 
in cancers are listed in table 3. 
 
 
A1 Adenosine Receptor Antagonists/Agonists 
It has been shown that adenosine plays an important role in the regulation of ERα/estradiol (E2) axis which are 
critical factors in breast cancer growth (Lin et al., 2010). Moreover, E2 could upregulate A1R expression, which 
was reversible by administration of E2 antagonist ICI (Lin et al., 2010). On the other hand, while the 
downregulation of A1R in ERα-positive cells decreased E2-dependent proliferation, over-expression of A1R in 
an ERα-negative cell line increased proliferation. Accordingly, use of A1R antagonist, 
Dipropylcyclopentylxanthine DPCPX, decreased proliferation and induced P53-mediated apoptosis in MCF-7 
cell line (Dastjerdi et al., 2015), which more substantiates the modulatory effect of A1R on E2/ERα-dependent 
breast cancer growth (Lin et al., 2010). In contrast, the use of A1 agonist, N6-cyclohexyl-adenosine (CHA) and 
R-isomer of N6 phenyl isopropyl adenosine (R-PIA) was associated with decreased proliferation of tumor cells, 
in part through the A1R signaling (Hosseinzadeh et al., 2008). On the other hand, another A1 agonist, N6-
cyclopen-tyladenosine (CPA), increased the survival and decreased the expression of P53 gene (Dastjerdi et al., 
2015). In addition, while the stimulation of A1R in brain, heart and kidney reduced the apoptosis and oxidative 
cellular damages, A1R antagonists could increase apoptosis and cellular damage following oxidative stress (Lee 
et al., 2004). As discussed above, it seems that A1R signaling exerts different effects on different tumor types. 
So, A1R targeted therapy should be designed based on tumor type and A1R signaling outcome. 
 
A2A Adenosine Receptor Antagonists/Agonists 
The A2AR signaling in immune cells is associated with immunosuppressive effects, which lead to protection of 
normal tissues from inflammatory damage. This immunosuppression can be deleterious when tumor cells engage 
it for escaping from anti-tumor responses (Huang et al., 1997; Sitkovsky et al., 2004; Takayama et al., 1988). 
Tumor promoting effect of A2AR has been shown in the A2AR-deficient mice which were able to reject 
inoculated tumors. In recent years, application of A2AR antagonists and A2AR specific siRNAs could 
significantly inhibit tumor growth, angiogenesis and metastasis processes. Appearance of autoimmunity 
following melanoma rejection in A2AR-deficient mice more substantiates the immunosuppressive function of 
A2AR signaling in tumor microenvironment (Ohta et al., 2006). 
T cells express high affinity A2A and to a lesser extent low affinity A2B receptors on their cell surface (Apasov 
et al., 2000). Accordingly, it has been demonstrated that genomic deletion of A2AR in mice leads to complete 
tumor rejection through the function of CD8
+
 T cells. Moreover, administration of A2AR antagonists into tumor 
bearing mice exhibited similar results (Qin and Blankenstein, 2000). 
Although the inhibition of A2AR signaling enhances GM-CSF secreting whole cell vaccines, use of these 
vaccines in phase III trials did not exerted efficacy in prostate cancer (Lassi and Dawson, 2010). However, there 
are contrasting results in other trials (Nemunaitis et al., 2006). 
It has recently demonstrated that administration of soluble B7-DC/FC fusion protein into A2AR- deficient mice 
could significantly enhance anti-tumor responses (Waickman et al., 2012). These results imply that combination 
therapy based on inhibition of A2AR and other immunosuppressive molecules and stimulation of immune 
responses can lead to potent anti-tumor responses.  
 
A2B Adenosine Receptor Antagonists 
It has been shown that A2BR deficient mice are resistant against tumor growth which was associated with 
decreased VEGF production by tumor infiltrating lymphocytes (Ryzhov et al., 2008).  
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There is evidence implying the tumor promoting function of A2BR signaling. Accordingly, treatment of 
melanoma bearing mice with A2BR agonist enhanced tumor growth which was associated with increased levels 
of IL-10 and monocyte chemoattractant protein 1 (MCP-1) and accumulation of MDSCs. In contrast, inhibition 
of A2BR with PSB1115 could suppress the tumor growth which was associated with downregulation of IL-10 
and MCP-1 and MDSCs and upregulation of CD8
+
 T cells, NKT cells and TH1-like cytokines in melanoma 
lesions. However, the adoptive transfer of MDSCs could abrogate the ameliorative effects of PSB1115. Thus, it 
seems that ameliorative effect of A2BR antagonist is in part through the suppression of infiltration of MDSCs 
into tumor microenvironment (Iannone et al., 2013; Sorrentino et al., 2015). In addition, while the A2BR specific 
agonist, BAY60-6583, promoted angiogenesis through upregulating VEGF, its selective antagonist, PSB1115, 
inhibited angiogenesis and enhanced the therapeutic effects of anti-VEGF therapy (Sorrentino et al., 2015). 
Wei et al. demonstrated that A2BR has highest expression in three commonly used prostate cancer cell lines 
including PC-3, DU145, and LNCaP compared to other ARs. They showed that the nonselective A2BR agonist 
NECA and the selective A2BR agonist BAY60-6583, but not the A2AR agonist CGS21680 could increase 
adenosine 3′,5′-cyclic monophosphate (cyclic AMP) in PC-3 cells. Moreover, NECA could reduce lactate 
dehydrogenase (LDH) release and caspase-3 activity in PC-3 cells, which were reversible by a selective A2BR 
antagonist PSB603. Treatment of PC-3 cells with A2BR siRNA blocked NECA-induced proliferation of PC-3 
cells. In addition, selective A2BR antagonist PSB603 was able to suppress tumor cell proliferation in all three 
cell lines. So, it seems that selective A2BR antagonists can be effective therapeutic tools for treatment of 
prostate cancer (Wei et al., 2013). Furthermore, Wang et al. reported that blockage of A2BR expression by miR-
128b inhibited the proliferation and migration of gastric cancer cells (Wang et al., 2015). 
A2BRs have high expression on MDA-MB-231 breast cancer cells and stimulate adenylyl cyclase activation. 
While the A2BR nonselective agonists NECA and PHPNECA were able to stimulate tumor cell growth, agonists 
against other ARs had not significant effects. It has also been demonstrated that A2BR can enhance the 
migration of tumor cells and metastasis process (Stagg et al., 2010). Accordingly, genetic deletion or 
pharmacological inhibition of A2BR led to decrease in metastasis in vitro and in vivo (Desmet et al., 2013). 
Moreover, the Ca
2+ 
A2BR downstream signaling pathway was also blocked by A2BR antagonists, but not with 
A2A or A3 selective antagonists (Panjehpour et al., 2005). On the other hand, stimulation of A2BR on OVCAR-
3 and Caov-4 cell lines by A2BR agonist (NECA) significantly decreased cell viability in a dose-dependent 
manner. It is demonstrated that NECA induces apoptosis via the mitochondrial signaling pathway. Thus, A2BR 
agonists may be a potential apoptosis inducer in ovarian cancer cells (Hajiahmadi et al., 2015). 
P73 can upregulate the expression of the A2BR. It has recently been demonstrated that p73-mediated 
upregulation of A2BR significantly enhances apoptosis in cancer cells, in a caspase- and puma-dependent 
manner. In addition, doxorubicin treated p53-deficient cancer cells upregulate A2BR in a p73-dependent 
manner. Treatment of these cells with A2BR agonist markedly increased apoptotic death. Therefore, it seems 
that p73-mediated induction of adenosine signaling can enhance programmed cell death (Long et al., 2015). 
 
A3 Adenosine Receptor Antagonists/Agonists 
While the A3R is overexpressed on cancer cells, there is low expression on normal tissues (Gessi et al., 2004; 
Madi et al., 2004; Ochaion et al., 2009). Accordingly, it is demonstrated that A3Rs are over-expressed in various 
malignant cells such as leukemia, lymphoma, astrocytoma, melanoma and pineal tumor cells (Gessi et al., 2002; 
Merighi et al., 2001; Morello et al., 2008; Suh et al., 2001; Trincavelli et al., 2002; Yao et al., 1997). 
Overexpression of these receptors is also shown in tumor tissues derived from patients with colon, breast, small 
cell lung, hepatocellular and pancreatic carcinomas, and melanoma (Bar-Yehuda et al., 2008; Gessi et al., 2004; 
Madi et al., 2004). Furthermore, there was a significant correlation between the increased levels of A3R in tumor 
tissues and disease progression in breast and colon cancers (Gessi et al., 2004; Madi et al., 2004). Moreover, 
peripheral blood mononuclear cells (PBMCs) of cancer patients exhibit higher levels of this receptor on their 
surface compared to normal subjects (Bar-Yehuda et al., 2008; Ochaion et al., 2009). Thus, it seems that A3R 
may be considered as a therapeutic target and a biological predictive marker in cancer patients. It is suggested 
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that upregulation of A3R may be in part related to the overproduction of tumor microenvironment factors such 
as  adenosine and cytokines (Keibel et al., 2009; Madi et al., 2007).  
The efficacy and safety of A3R agonists have been demonstrated in the phase II clinical studies on 
inflammatory, ophthalmic and liver diseases (Ariztia et al., 2006; Keibel et al., 2009). It has been shown that 
adenosine induces a cytotoxic signal in the human breast cancer cell lines MCF-7 and MDA-MB468 via A3R 
activation that was not seen for other subclasses of adenosine receptors (Panjehpour and Karami-Tehrani, 2007). 
Accordingly, administration of A3R agonists into animal models of melanoma, prostate, colon and 
hepatocellular carcinoma was associated with ameliorative effects (Brambilla et al., 2000). It has been shown 
that A3R agonists can exert effective anti-tumor functions through the regulation of Wnt and NF-κB signaling 
pathways (Bar-Yehuda et al., 2008; Fishman et al., 2006; Van Troostenburg et al., 2004). Treatment of mice 
with another A3R agonist IB-MECA downregulated NF-kB expression and increased the infiltration of pro-
inflammatory macrophages into tumor microenvironment (Fishman et al., 2003; Fishman et al., 2004; Koszałka 
et al., 2016). Based on bioinformatic analyses, it is suggested that other transcription factors including c-Rel, 
MyoD, GR, AP-1, PU.1, GATA-1, C/EBP, CREB, c-fos and c-Jun can bind to the A3R promoter and regulate 
its expression (Ochaion et al., 2009).  
Muscle cells can produce natural agonists of A3R, which may be involved in the rarity of tumor metastasis in 
muscle (Ochaion et al., 2009). Administration of A3R agonist, 2-Chloro-N(6)-(3-iodobenzyl) adenosine-5'-N-
methylcarboxamide (Cl-IB-MECA), could also effectively enhance anti-tumor function of NK cells in part 
through upregulation of IL-12 in the tumor bearing mice (Fishman et al., 2003; Harish et al., 2003; Mirandola et 
al., 2004). In contrast, 1-Deoxy-1-[6-[((3-iodophenyl)amino]-9H-purin-9-yl]-N-methyl-β-D-rebofuranuronamide 
(IB-MECA), another A3R agonist, and Cl-IB-MECA inhibited the growth of various tumor cell lines such as 
NPA papillary thyroid carcinoma, HL-60 leukemia cells and U-937 lymphoma cells at mM concentration in an 
A3R-independent manner (Kim et al., 2002; Morello et al., 2008). This controversy is attributed in part to the 
dose of drug and A3R desensitization. Accordingly, it is suggested that these agonists lose their selectivity at the 
low doses (Lu et al., 2003; Trincavelli et al., 2002). In vitro studies using these agonists showed that they can 
suppress the proliferation of various tumor cells such as rat Nb2–11C and mouse Yac-1 lymphoma, K-562 
leukemia, B16-F10 melanoma, MCA sarcoma, human PC3  and LN-Cap prostate carcinoma, HCT-116 colon 
carcinoma and MIA-PaCa pancreatic carcinoma (Fishman et al., 2003; Fishman et al., 2000b; Ohana et al., 
2003). However, this inhibitory function could be blocked by A3R antagonists (Madi et al., 2003). A3R agonist 
could also induce apoptosis in hepatocellular and prostate carcinoma tumor cells through the upregulation of the 
pro-apoptotic proteins BAD, BAX and caspase-3 (Aghaei et al., 2012; Aghaei et al., 2011; Bar-Yehuda et al., 
2008). The apoptotic effects of A3R agonist Cl-IB-MECA have also been demonstrated in rat astrocytes 
(Abbracchio and Burnstock, 1998) and human astrocytoma ADF cells (Barbieri et al., 1998a), human peripheral 
blood mononuclear cells, both myeloid and lymphoid cells (U937, HL60, and Jurkat) (Khoo et al., 1996; Yao et 
al., 1997), and cardiac myocytes (Baraldi and Borea, 2000; Shneyvays et al., 2000; Shneyvays et al., 1998). 
However, all of the above discussed studies used high agonist concentrations which may affect the receptor 
specificity. Moreover, high concentrations of A3R agonists may also desensitize A3Rs. There are also other 
reports implying the anti-proliferative and apoptotic effects of A3R agonists in even micromolar doses of the A3 
agonists (Lee et al., 2005; Panjehpour and Karami-Tehrani, 2004). Similar results were reported when melanoma 
or HL-60 human leukemia cells were treated with Cl-IB-MECA (Kim et al., 2008; Merighi et al., 2005b). More 
recently, Koszalka et al. administered selective agonists of A1R ,A2AR and A3R (CCPA, CGS-21680 and IB-
MECA, respectively) into CD73-knockout mice model of melanoma and observed that the tumor inhibitory 
effects of these agonists at the primary stage of tumor may be blocked by tumor progression and these inhibitory 
effects could be due to modifications in MAPK signaling pathways (Koszałka et al., 2016). This finding opened 
a new sight of view that although the use of these ligands has stable effects to promote or limit the tumor and 
angiogenesis, in vivo effects of these ligands may be more complicated and even controversial regarding the type 
of AR and tumor and also stage of tumor stage. The cordycepin, which is derived from Cordyceps sinensis, a 
parasitic fungus used in traditional Chinese medicine, could also suppress the growth of murine melanoma and 
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of Lewis lung carcinoma tumor cells at the even μM concentrations. However, this inhibitory effects could be 
blocked by the  A3R antagonist 3-ethyl-5-benzyl-2-methyl-4-phenylethynyl-6-phenyl-1,4-(±)-dihydropyridine-
3,5-dicarboxylate (MRS1191) (Nakamura et al., 2006). 
Interestingly, A3R agonists not only inhibit tumor cells, but also help to growth of normal cells and enhance the 
myelopoiesis in the bone marrow. Since the myelotoxicity is one of the main side effects of chemotherapy, it 
seems that A3R agonists may be effective drugs for combination therapy with chemotherapeutic drugs. 
Accordingly, it is reported that administration of A3R agonist in combination with chemotherapeutic agents into 
tumor-bearing mice inhibited the myelotoxic effects of chemotherapy (Bar-Yehuda et al., 2002). A3R agonists 
can also be as cardioprotective agents which help us to combine them with some chemotherapeutic drugs such as 
doxorubicin which exerts acute cardiotoxicity (Zhang et al., 2009). 
These characteristics make A3R agonists as potent therapeutic candidate for cancer therapy in combination with 
chemotherapeutic agents (Fishman et al., 2000a; Merighi et al., 2002; Ohana et al., 2001). 
 
Conclusion 
 
Identification of the precise mechanisms behind the robust immunosuppression exerted by tumor cells can help 
us to design new therapeutic approaches for cancer therapy. The generation of adenosine is one of the main 
immunosuppressive mechanisms by which tumor cells not only inhibit anti-tumor responses, but also induce 
suppressive cells such as Treg cells. So, blocking the adenosine generating enzymes or ARs can be considered as 
an important therapeutic approach for cancer therapy. It is demonstrated that signaling of A2AR and A2BR in 
tumor microenvironment can lead to induction and expansion of immunosuppressive cells such as Treg and 
MDSC. On the other hand, reports regarding the effect of A1R and A3R signaling in tumor biology are 
controversial (Figure 2). It seems that tumor promoting or tumor limiting effects of these two receptors depend 
on the tumor type and tumor condition. Several ARs directed agonists and antagonists have been developed and 
used for treatment of various tumors. We think the use of these agents as monotherapy or in combination with 
other conventional cancer drugs may lead to promising outcome in the near future. 
 
 
Conﬂict of interest statement 
None of the authors has any conﬂict of interest to declare. 
Acknowledgments 
None. 
 
  
This article is protected by copyright. All rights reserved  14 
 
References 
 
Abbracchio MP, Burnstock G. 1998. Purinergic signalling: pathophysiological roles. The Japanese Journal of 
Pharmacology 78(2):113-145. 
Aghaei M, Karami‐Tehrani F, Panjehpour M, Salami S, Fallahian F. 2012. Adenosine induces cell‐cycle arrest and 
apoptosis in androgen‐dependent and‐independent prostate cancer cell lines, LNcap‐FGC‐10, DU‐145, 
and PC3. The Prostate 72(4):361-375. 
Aghaei M, Panjehpour M, Karami-Tehrani F, Salami S. 2011. Molecular mechanisms of A3 adenosine receptor-
induced G1 cell cycle arrest and apoptosis in androgen-dependent and independent prostate cancer 
cell lines: involvement of intrinsic pathway. Journal of cancer research and clinical oncology 
137(10):1511-1523. 
Antonioli L, Blandizzi C, Pacher P, Haskó G. 2013. Immunity, inflammation and cancer: a leading role for 
adenosine. Nature Reviews Cancer 13(12):842-857. 
Apasov SG, Chen JF, Smith PT, Schwarzschild MA, Fink JS, Sitkovsky MV. 2000. Study of A2A adenosine receptor 
gene deficient mice reveals that adenosine analogue CGS 21680 possesses no A2A receptor‐unrelated 
lymphotoxicity. British journal of pharmacology 131(1):43-50. 
Appel E, Kazimirsky G, Ashkenazi E, Kim SG, Jacobson KA, Brodie C. 2001. Roles of BCL-2 and caspase 3 in the 
adenosine A3 receptor-induced apoptosis. Journal of Molecular Neuroscience 17(3):285-292. 
Ariztia EV, Lee CJ, Gogoi R, Fishman DA. 2006. The tumor microenvironment: key to early detection. Critical 
reviews in clinical laboratory sciences 43(5-6):393-425. 
Atkinson MR, Townsend-Nicholson A, Nicholl JK, Sutherland GR, Schofield PR. 1997. Cloning, characterisation 
and chromosomal assignment of the human adenosine A3 receptor (ADORA3) gene. Neuroscience 
research 29(1):73-79. 
Audic Y, Hartley RS. 2004. Post‐transcriptional regulation in cancer. Biology of the Cell 96(7):479-498. 
Bajaj S, Insel J, Quagliata F, Hirschhorn R, Silber R. 1983. Adenosine and adenosine analogues are more toxic to 
chronic lymphocytic leukemia than to normal lymphocytes. Blood 62(1):75-80. 
Bar-Yehuda S, Barer F, Volisson L, Fishman P. 2001. Resistance of muscle to tumor metastases: a role for A3 
adenosine receptor agonists. Neoplasia 3(2):125-131. 
Bar-Yehuda S, Madi L, Barak D, Mittelman M, Ardon E, Ochaion A, Cohn S, Fishman P. 2002. Agonists to the A3 
adenosine receptor induce G-CSF production via NF-κB activation: a new class of myeloprotective 
agents. Experimental hematology 30(12):1390-1398. 
Bar-Yehuda S, Stemmer S, Madi L, Castel D, Ochaion A, Cohen S, Barer F, Zabutti A, Perez-Liz G, Del Valle L. 
2008. The A3 adenosine receptor agonist CF102 induces apoptosis of hepatocellular carcinoma via de-
regulation of the Wnt and NF-κB signal transduction pathways. International journal of oncology 
33(2):287-295. 
Baraldi PG, Borea PA. 2000. New potent and selective human adenosine A 3 receptor antagonists. Trends in 
pharmacological sciences 21(12):456-459. 
Baraldi PG, Tabrizi MA, Gessi S, Borea PA. 2008. Adenosine receptor antagonists: translating medicinal 
chemistry and pharmacology into clinical utility. Chemical reviews 108(1):238-263. 
Barbieri D, Abbracchio M, Salvioli S, Monti D, Cossarizza A, Ceruti S, Brambilla R, Cattabeni F, Jacobson K, 
Franceschi C. 1998a. Apoptosis by 2-chloro-2′-deoxy-adenosine and 2-chloro-adenosine in human 
peripheral blood mononuclear cells. Neurochemistry international 32(5):493-504. 
Barbieri D, Abbracchio MP, Salvioli S, Monti D, Cossarizza A, Ceruti S, Brambilla R, Cattabeni F, Jacobson KA, 
Franceschi C. 1998b. Apoptosis by 2-chloro-2'-deoxy-adenosine and 2-chloro-adenosine in human 
peripheral blood mononuclear cells. Neurochemistry international 32(5-6):493-504. 
Barry CP, Lind SE. 2000. Adenosine-mediated killing of cultured epithelial cancer cells. Cancer research 
60(7):1887-1894. 
This article is protected by copyright. All rights reserved  15 
Bauer A, Langen K-J, Bidmon H, Holschbach MH, Weber S, Olsson RA, Coenen HH, Zilles K. 2005. 18F-CPFPX PET 
identifies changes in cerebral A1 adenosine receptor density caused by glioma invasion. Journal of 
Nuclear Medicine 46(3):450-454. 
Beavis PA, Divisekera U, Paget C, Chow MT, John LB, Devaud C, Dwyer K, Stagg J, Smyth MJ, Darcy PK. 2013. 
Blockade of A2A receptors potently suppresses the metastasis of CD73+ tumors. Proceedings of the 
National Academy of Sciences 110(36):14711-14716. 
Beavis PA, Milenkovski N, Henderson MA, John LB, Allard B, Loi S, Kershaw MH, Stagg J, Darcy PK. 2015. 
Adenosine Receptor 2A Blockade Increases the Efficacy of Anti–PD-1 through Enhanced Antitumor T-
cell Responses. Cancer immunology research 3(5):506-517. 
Bergamin LS, Braganhol E, Figueiró F, Casali EA, Zanin RF, Sévigny J, Battastini AMO. 2015. Involvement of 
purinergic system in the release of cytokines by macrophages exposed to glioma‐conditioned medium. 
Journal of cellular biochemistry 116(5):721-729. 
Beukers MW, Chang LC, von Frijtag Drabbe Künzel JK, Mulder-Krieger T, Spanjersberg RF, Brussee J, IJzerman 
AP. 2004. New, non-adenosine, high-potency agonists for the human adenosine A2B receptor with an 
improved selectivity profile compared to the reference agonist N-ethylcarboxamidoadenosine. Journal 
of medicinal chemistry 47(15):3707-3709. 
Bhat SG, Mishra S, Mei Y, Nie Z, Whitworth CA, Rybak LP, Ramkumar V. 2002. Cisplatin up-regulates the 
adenosine A 1 receptor in the rat kidney. European journal of pharmacology 442(3):251-264. 
Bieber D, Lorenz K, Yadav R, Klotz K-N. A2B adenosine receptors mediate an inhibition of ERK1/2 
phosphorylation in the breast cancer cell line MDA-MB-231; 2008. SPRINGER 233 SPRING STREET, NEW 
YORK, NY 10013 USA. p 19-19. 
Björklund O, Shang M, Tonazzini I, Daré E, Fredholm BB. 2008. Adenosine A 1 and A 3 receptors protect 
astrocytes from hypoxic damage. European journal of pharmacology 596(1):6-13. 
Blay J, White TD, Hoskin DW. 1997. The extracellular fluid of solid carcinomas contains immunosuppressive 
concentrations of adenosine. Cancer Research 57(13):2602-2605. 
Bowser JL, Blackburn MR, Shipley GL, Molina JG, Dunner Jr K, Broaddus RR. 2016. Loss of CD73-mediated actin 
polymerization promotes endometrial tumor progression. The Journal of clinical investigation 
126(1):220. 
Brambilla R, Cattabeni F, Ceruti S, Barbieri D, Franceschi C, Kim Y-C, Jacobson KA, Klotz K-N, Lohse MJ, 
Abbracchio MP. 2000. Activation of the A3 adenosine receptor affects cell cycle progression and cell 
growth. Naunyn-Schmiedeberg's archives of pharmacology 361(3):225-234. 
Burnstock G. 2002. Purinergic signaling and vascular cell proliferation and death. Arteriosclerosis, thrombosis, 
and vascular biology 22(3):364-373. 
Calker Dv, Müller M, Hamprecht B. 1979. Adenosine regulates via two different types of receptors, the 
accumulation of cyclic AMP in cultured brain cells. Journal of neurochemistry 33(5):999-1005. 
Canals M, Marcellino D, Fanelli F, Ciruela F, de Benedetti P, Goldberg SR, Neve K, Fuxe K, Agnati LF, Woods AS. 
2003. Adenosine A2A-dopamine D2 receptor-receptor heteromerization qualitative and quantitative 
assessment by fluorescence and bioluminescence energy transfer. Journal of Biological Chemistry 
278(47):46741-46749. 
Cappellari AR, Pillat MM, Souza HD, Dietrich F, Oliveira FH, Figueiró F, Abujamra AL, Roesler R, Lecka J, Sévigny 
J. 2015. Ecto-5’-Nucleotidase Overexpression Reduces Tumor Growth in a Xenograph Medulloblastoma 
Model. PloS one 10(10):e0140996. 
Carlsson J, Yoo L, Gao Z-G, Irwin JJ, Shoichet BK, Jacobson KA. 2010. Structure-based discovery of A2A 
adenosine receptor ligands. Journal of medicinal chemistry 53(9):3748-3755. 
Cassada DC, Tribble CG, Laubach VE, Nguyen B-N, Rieger JM, Linden J, Kaza AK, Long SM, Kron IL, Kern JA. 2001. 
An adenosine A 2A agonist, ATL-146e, reduces paralysis and apoptosis during rabbit spinal cord 
reperfusion. Journal of vascular surgery 34(3):482-488. 
Castillo CA, Albasanz JL, Fernández M, Martín M. 2007. Endogenous expression of adenosine A1, A2 and A3 
receptors in rat C6 glioma cells. Neurochemical research 32(6):1056-1070. 
This article is protected by copyright. All rights reserved  16 
Cekic C, Day Y-J, Sag D, Linden J. 2014. Myeloid expression of adenosine A2A receptor suppresses T and NK cell 
responses in the solid tumor microenvironment. Cancer Research 74(24):7250-7259. 
Cekic C, Linden J. 2014. Adenosine A2A receptors intrinsically regulate CD8+ T cells in the tumor 
microenvironment. Cancer research 74(24):7239-7249. 
Cekic C, Sag D, Li Y, Theodorescu D, Strieter RM, Linden J. 2012. Adenosine A2B receptor blockade slows 
growth of bladder and breast tumors. The Journal of Immunology 188(1):198-205. 
Ceruti S, Barbieri D, Veronese E, Cattabeni F, Cossarizza A, Giammarioli AM, Malorni W, Franceschi C, 
Abbracchio MP. 1997. Different pathways of apoptosis revealed by 2‐chloro‐adenosine and 
deoxy‐D‐ribose in mammalian astroglial cells. Journal of neuroscience research 47(4):372-383. 
Ciruela F, Albergaria C, Soriano A, Cuffí L, Carbonell L, Sánchez S, Gandía J, Fernández-Dueñas V. 2010. 
Adenosine receptors interacting proteins (ARIPs): behind the biology of adenosine signaling. Biochimica 
et Biophysica Acta (BBA)-Biomembranes 1798(1):9-20. 
Cohen S, Stemmer S, Zozulya G, Ochaion A, Patoka R, Barer F, Bar‐Yehuda S, Rath‐Wolfson L, Jacobson K, 
Fishman P. 2011. CF102 an A3 adenosine receptor agonist mediates anti‐tumor and anti‐inflammatory 
effects in the liver. Journal of cellular physiology 226(9):2438-2447. 
Cronstein BN. 1994. Adenosine, an endogenous anti-inflammatory agent. Journal of Applied Physiology 76(1):5-
13. 
Cui R, Yue W, Lattime EC, Stein MN, Xu Q, Tan X-L. 2016. Targeting tumor-associated macrophages to combat 
pancreatic cancer. Oncotarget. 
D'Ancona S, Ragazzi E, Fassina G, Mazzo M, Gusella M, Berti T. 1993. Effect of dipyridamole, 5'-(N-ethyl)-
carboxamidoadenosine and 1, 3-dipropyl-8-(2-amino-4-chlorophenyl)-xanthine on LOVO cell growth 
and morphology. Anticancer research 14(1A):93-97. 
Daly JW, Butts-Lamb P, Padgett W. 1983. Subclasses of adenosine receptors in the central nervous system: 
interaction with caffeine and related methylxanthines. Cellular and molecular neurobiology 3(1):69-80. 
Daniele S, Zappelli E, Natali L, Martini C, Trincavelli M. 2014. Modulation of A1 and A2B adenosine receptor 
activity: a new strategy to sensitise glioblastoma stem cells to chemotherapy. Cell death & disease 
5(11):e1539. 
Dastjerdi M, Valiani A, Mardani M, Ra M. 2015. Adenosine A1 receptor modifies P53 expression and apoptosis 
in breast cancer cell line Mcf-7. Bratislavske lekarske listy 117(4):242-246. 
Deckert J, Nöthen MM, Bryant SP, Schuffenhauer S, Schofield PR, Spurr NK, Propping P. 1997. Mapping of the 
human adenosine A2a receptor gene: relationship to potential schizophrenia loci on chromosome 22q 
and exclusion from the CATCH 22 region. Human genetics 99(3):326-328. 
Dehnhardt M, Palm C, Vieten A, Bauer A, Pietrzyk U. 2007. Quantifying the A1AR distribution in peritumoural 
zones around experimental F98 and C6 rat brain tumours. Journal of neuro-oncology 85(1):49-63. 
Desmet CJ, Gallenne T, Prieur A, Reyal F, Visser NL, Wittner BS, Smit MA, Geiger TR, Laoukili J, Iskit S. 2013. 
Identification of a pharmacologically tractable Fra-1/ADORA2B axis promoting breast cancer 
metastasis. Proceedings of the National Academy of Sciences 110(13):5139-5144. 
Dhillon A, Hagan S, Rath O, Kolch W. 2007. MAP kinase signalling pathways in cancer. Oncogene 26(22):3279-
3290. 
Di Iorio P, Kleywegt S, Ciccarelli R, Traversa U, Andrew CM, Crocker CE, Werstiuk ES, Rathbone MP. 2002. 
Mechanisms of apoptosis induced by purine nucleosides in astrocytes. Glia 38(3):179-190. 
Dickenson JM, Reeder S, Rees B, Alexander S, Kendall D. 2003. Functional expression of adenosine A 2A and A 3 
receptors in the mouse dendritic cell line XS-106. European journal of pharmacology 474(1):43-51. 
Dubey RK, Gillespie DG, Jackson EK. 2002. A(2B) adenosine receptors stimulate growth of porcine and rat 
arterial endothelial cells. Hypertension 39(2 Pt 2):530-535. 
Dubey RK, Gillespie DG, Osaka K, Suzuki F, Jackson EK. 1996. Adenosine Inhibits Growth of Rat Aortic Smooth 
Muscle Cells Possible Role of A2b Receptor. Hypertension 27(3):786-793. 
Eckle T, Faigle M, Grenz A, Laucher S, Thompson LF, Eltzschig HK. 2008. A2B adenosine receptor dampens 
hypoxia-induced vascular leak. Blood 111(4):2024-2035. 
This article is protected by copyright. All rights reserved  17 
Eini H, Frishman V, Yulzari R, Kachko L, Lewis EC, Chaimovitz C, Douvdevani A. 2015. Caffeine promotes anti-
tumor immune response during tumor initiation: Involvement of the adenosine A 2A receptor. 
Biochemical pharmacology 98(1):110-118. 
Elmenhorst D, Meyer PT, Winz OH, Matusch A, Ermert J, Coenen HH, Basheer R, Haas HL, Zilles K, Bauer A. 
2007. Sleep deprivation increases A1 adenosine receptor binding in the human brain: a positron 
emission tomography study. The Journal of neuroscience 27(9):2410-2415. 
Ethier MF, Chander V, Dobson J. 1993. Adenosine stimulates proliferation of human endothelial cells in culture. 
American Journal of Physiology 265:H131-H131. 
Etique N, Grillier-Vuissoz I, Lecomte J, Flament S. 2009. Crosstalk between adenosine receptor (A2A isoform) 
and ERα mediates ethanol action in MCF-7 breast cancer cells. Oncology reports 21(4):977-981. 
Feoktistov I, Goldstein AE, Ryzhov S, Zeng D, Belardinelli L, Voyno-Yasenetskaya T, Biaggioni I. 2002. Differential 
expression of adenosine receptors in human endothelial cells role of A2B receptors in angiogenic factor 
regulation. Circulation Research 90(5):531-538. 
Feoktistov I, Ryzhov S, Goldstein AE, Biaggioni I. 2003. Mast Cell–Mediated Stimulation of Angiogenesis 
Cooperative Interaction Between A2B and A3 Adenosine Receptors. Circulation Research 92(5):485-
492. 
Ferré S, Baler R, Bouvier M, Caron MG, Devi LA, Durroux T, Fuxe K, George SR, Javitch JA, Lohse MJ. 2009. 
Building a new conceptual framework for receptor heteromers. Nature chemical biology 5(3):131-134. 
Fiebich BL, Biber K, Gyufko K, Berger M, Bauer J, Van Calker D. 1996. Adenosine A2b receptors mediate an 
increase in interleukin (IL)‐6 mRNA and IL‐6 protein synthesis in human astroglioma cells. Journal of 
neurochemistry 66(4):1426-1431. 
Fisher JW, Brookins J. 2001. Adenosine A2A and A2B receptor activation of erythropoietin production. 
American Journal of Physiology-Renal Physiology 281(5):F826-F832. 
Fishman P, Bar-Yehuda S, Ardon E, Rath-Wolfson L, Barrer F, Ochaion A, Madi L. 2003. Targeting the A3 
adenosine receptor for cancer therapy: inhibition of prostate carcinoma cell growth by A3AR agonist. 
Anticancer research 23(3):2077-2084. 
Fishman P, Bar-Yehuda S, Barer F, Madi L, Multani AS, Pathak S. 2001. The A3 adenosine receptor as a new 
target for cancer therapy and chemoprotection. Experimental cell research 269(2):230-236. 
Fishman P, Bar-Yehuda S, Farbstein T, Barer F, Ohana G. 2000a. Adenosine acts as a chemoprotective agent by 
stimulating G-CSF production: a role for A 1 and A 3 adenosine receptors. Journal of cellular physiology 
183(3):393-398. 
Fishman P, Bar-Yehuda S, Madi L, Rath-Wolfson L, Ochaion A, Cohen S, Baharav E. 2006. The PI3K-NF-kappaB 
signal transduction pathway is involved in mediating the anti-inflammatory effect of IB-MECA in 
adjuvant-induced arthritis. Arthritis Research and Therapy 8(1):R33. 
Fishman P, Bar-Yehuda S, Ohana G, Barer F, Ochaion A, Erlanger A, Madi L. 2004. An agonist to the A3 
adenosine receptor inhibits colon carcinoma growth in mice via modulation of GSK-3β and NF-κB. 
Oncogene 23(14):2465-2471. 
Fishman P, Bar-Yehuda S, Ohana G, Pathak S, Wasserman L, Barer F, Multani A. 2000b. Adenosine acts as an 
inhibitor of lymphoma cell growth: a major role for the A3 adenosine receptor. European journal of 
cancer 36(11):1452-1458. 
Fishman P, Bar-Yehuda S, Vagman L. 1998. Adenosine and other low molecular weight factors released by 
muscle cells inhibit tumor cell growth. Cancer Research 58(14):3181-3187. 
Fishman P, Madi L, Bar-Yehuda S, Barer F, Del Valle L, Khalili K. 2002. Evidence for involvement of Wnt signaling 
pathway in IB-MECA mediated suppression of melanoma cells. Oncogene 21(25):4060-4064. 
Fredholm B. 2007. Adenosine, an endogenous distress signal, modulates tissue damage and repair. Cell Death 
& Differentiation 14(7):1315-1323. 
Fredholm BB, AP IJ, Jacobson KA, Klotz KN, Linden J. 2001a. International Union of Pharmacology. XXV. 
Nomenclature and classification of adenosine receptors. Pharmacological reviews 53(4):527-552. 
Fredholm BB, Chen J-F, Masino SA, Vaugeois J-M. 2005. Actions of adenosine at its receptors in the CNS: 
insights from knockouts and drugs. Annu Rev Pharmacol Toxicol 45:385-412. 
This article is protected by copyright. All rights reserved  18 
Fredholm BB, IJzerman AP, Jacobson KA, Klotz K-N, Linden J. 2001b. International Union of Pharmacology. XXV. 
Nomenclature and classification of adenosine receptors. Pharmacological reviews 53(4):527-552. 
Fredholm BB, IJzerman AP, Jacobson KA, Linden J, Müller CE. 2011. International Union of Basic and Clinical 
Pharmacology. LXXXI. Nomenclature and classification of adenosine receptors—an update. 
Pharmacological reviews 63(1):1-34. 
Gao Z, Li B-S, Day Y-J, Linden J. 2001. A3 adenosine receptor activation triggers phosphorylation of protein 
kinase B and protects rat basophilic leukemia 2H3 mast cells from apoptosis. Molecular pharmacology 
59(1):76-82. 
Gessi S, Cattabriga E, Avitabile A, Lanza G, Cavazzini L, Bianchi N, Gambari R, Feo C, Liboni A, Gullini S. 2004. 
Elevated expression of A3 adenosine receptors in human colorectal cancer is reflected in peripheral 
blood cells. Clinical Cancer Research 10(17):5895-5901. 
Gessi S, Merighi S, Varani K, Cattabriga E, Benini A, Mirandola P, Leung E, Mac Lennan S, Feo C, Baraldi S. 2007. 
Adenosine receptors in colon carcinoma tissues and colon tumoral cell lines: focus on the A3 adenosine 
subtype. Journal of cellular physiology 211(3):826-836. 
Gessi S, Sacchetto V, Fogli E, Merighi S, Varani K, Baraldi PG, Tabrizi MA, Leung E, Maclennan S, Borea PA. 2010. 
Modulation of metalloproteinase-9 in U87MG glioblastoma cells by A 3 adenosine receptors. 
Biochemical pharmacology 79(10):1483-1495. 
Gessi S, Varani K, Merighi S, Cattabriga E, Iannotta V, Leung E, Baraldi PG, Borea PA. 2002. A3 adenosine 
receptors in human neutrophils and promyelocytic HL60 cells: a pharmacological and biochemical 
study. Molecular pharmacology 61(2):415-424. 
Gessi S, Varani K, Merighi S, Morelli A, Ferrari D, Leung E, Baraldi PG, Spalluto G, Borea PA. 2001. 
Pharmacological and biochemical characterization of A3 adenosine receptors in Jurkat T cells. British 
journal of pharmacology 134(1):116-126. 
Ghalamfarsa G, Hadinia A, Yousefi M, Jadidi-Niaragh F. 2013. The role of natural killer T cells in B cell 
malignancies. Tumor Biology 34(3):1349-1360. 
Ginés S, Hillion J, Torvinen M, Le Crom S, Casadó V, Canela EI, Rondin S, Lew JY, Watson S, Zoli M. 2000. 
Dopamine D1 and adenosine A1 receptors form functionally interacting heteromeric complexes. 
Proceedings of the National Academy of Sciences 97(15):8606-8611. 
Graham S, Combes P, Crumiere M, Klotz K-N, Dickenson JM. 2001. Regulation of p42/p44 mitogen-activated 
protein kinase by the human adenosine A3 receptor in transfected CHO cells. European journal of 
pharmacology 420(1):19-26. 
Grant MB, Tarnuzzer RW, Caballero S, Ozeck MJ, Davis MI, Spoerri PE, Feoktistov I, Biaggioni I, Shryock JC, 
Belardinelli L. 1999. Adenosine receptor activation induces vascular endothelial growth factor in human 
retinal endothelial cells. Circulation Research 85(8):699-706. 
Gygi SP, Rochon Y, Franza BR, Aebersold R. 1999. Correlation between protein and mRNA abundance in yeast. 
Molecular and cellular biology 19(3):1720-1730. 
Hajiahmadi S, Panjehpour M, Aghaei M, Shabani M. 2015. Activation of A2b adenosine receptor regulates 
ovarian cancer cell growth: involvement of Bax/Bcl-2 and caspase-3. Biochemistry and Cell Biology 
93(999):1-9. 
Hammarberg C, Schulte G, Fredholm BB. 2003. Evidence for functional adenosine A3 receptors in microglia 
cells. Journal of neurochemistry 86(4):1051-1054. 
Harish A, Hohana G, Fishman P, Arnon O, Bar-Yehuda S. 2003. A3 adenosine receptor agonist potentiates 
natural killer cell activity. International journal of oncology 23(4):1245-1249. 
Hashemi M, Karami‐Tehrani F, Ghavami S, Maddika S, Los M. 2005. Adenosine and deoxyadenosine induces 
apoptosis in oestrogen receptor‐positive and‐negative human breast cancer cells via the intrinsic 
pathway. Cell proliferation 38(5):269-285. 
Haskó G, Csóka B, Németh ZH, Vizi ES, Pacher P. 2009a. A 2B adenosine receptors in immunity and 
inflammation. Trends in immunology 30(6):263-270. 
Haskó G, Csóka B, Németh ZH, Vizi ES, Pacher P. 2009b. A2B adenosine receptors in immunity and 
inflammation. Trends in immunology 30(6):263-270. 
This article is protected by copyright. All rights reserved  19 
Heidemann HT, Müller S, Mertins L, Stepan G, Hoffmann K, Ohnhaus E. 1989. Effect of aminophylline on 
cisplatin nephrotoxicity in the rat. British journal of pharmacology 97(2):313-318. 
Hillion J, Canals M, Torvinen M, Casadó V, Scott R, Terasmaa A, Hansson A, Watson S, Olah ME, Mallol J. 2002. 
Coaggregation, Cointernalization, and Codesensitization of Adenosine A2A Receptors and Dopamine 
D2Receptors. Journal of Biological Chemistry 277(20):18091-18097. 
Hoskin DW, Mader JS, Furlong SJ, Conrad DM, Blay J. 2008. Inhibition of T cell and natural killer cell function by 
adenosine and its contribution to immune evasion by tumor cells (Review). International journal of 
oncology 32(3):527-535. 
Hoskin DW, Reynolds T, Blay J. 1994a. Adenosine as a possible inhibitor of killer T‐cell activation in the 
microenvironment of solid tumours. International Journal of Cancer 59(6):854-855. 
Hoskin DW, Reynolds T, Blay J. 1994b. Colon adenocarcinoma cells inhibit anti-CD3-activated killer cell 
induction. Cancer Immunology, Immunotherapy 38(3):201-207. 
Hosseinzadeh H, Jafari MR, Shamsara J. 2008. Selective Inhibitory Effect of Adenosine A1 Receptor Agonists on 
the Proliferation of Human Tumor Cell Lines. Iranian Biomedical Journal 12(4):203-208. 
Huang S, Apasov S, Koshiba M, Sitkovsky M. 1997. Role of A2a extracellular adenosine receptor-mediated 
signaling in adenosine-mediated inhibition of T-cell activation and expansion. Blood 90(4):1600-1610. 
Iannone R, Miele L, Maiolino P, Pinto A, Morello S. 2013. Blockade of A 2b Adenosine Receptor Reduces Tumor 
Growth and Immune Suppression Mediated by Myeloid-Derived Suppressor Cells in a Mouse Model of 
Melanoma. Neoplasia 15(12):1400-IN1414. 
Iannone R, Miele L, Maiolino P, Pinto A, Morello S. 2014. Adenosine limits the therapeutic effectiveness of anti-
CTLA4 mAb in a mouse melanoma model. Am J Cancer Res 4(2):172-181. 
Jaakola VP, Griffith MT, Hanson MA, Cherezov V, Chien EY, Lane JR, Ijzerman AP, Stevens RC. 2008. The 2.6 
angstrom crystal structure of a human A2A adenosine receptor bound to an antagonist. Science 
322(5905):1211-1217. 
Jacobson KA, Park K-S, Jiang J-L, Kim Y-C, Olah ME, Stiles GL, Ji X-D. 1997. Pharmacological characterization of 
novel A 3 adenosine receptor-selective antagonists. Neuropharmacology 36(9):1157-1165. 
Jacobson MA, Johnson RG, Luneau CJ, Salvatore CA. 1995. Cloning and chromosomal localization of the human 
A 2b adenosine receptor gene (ADORA2B) and its pseudogene. Genomics 27(2):374-376. 
Jadidi-Niaragh F, Atyabi F, Rastegari A, Kheshtchin N, Arab S, Hassannia H, Ajami M, Mirsanei Z, Habibi S, 
Masoumi F. 2017. CD73 specific siRNA loaded chitosan lactate nanoparticles potentiate the antitumor 
effect of a dendritic cell vaccine in 4T1 breast cancer bearing mice. Journal of Controlled Release 
246:46-59. 
Jadidi-Niaragh F, Atyabi F, Rastegari A, Mollarazi E, Kiani M, Razavi A, Yousefi M, Kheshtchin N, Hassannia H, 
Hadjati J. 2016. Downregulation of CD73 in 4T1 breast cancer cells through siRNA-loaded chitosan-
lactate nanoparticles. Tumor Biology:1-10. 
Jadidi-Niaragh F, Ghalamfarsa G, Yousefi M, Tabrizi MH, Shokri F. 2013. Regulatory T cells in chronic 
lymphocytic leukemia: implication for immunotherapeutic interventions. Tumor Biology 34(4):2031-
2039. 
Jajoo S, Mukherjea D, Watabe K, Ramkumar V. 2009. Adenosine A 3 receptor suppresses prostate cancer 
metastasis by inhibiting NADPH oxidase activity. Neoplasia 11(11):1132-IN1135. 
Ji X-D, Jacobson KA. 1999. Use of the triazolotriazine [3H] ZM 241385 as a radioligand at recombinant human 
A2B adenosine receptors. Drug design and discovery 16(3):217. 
Kadomatsu M, Nakajima S, Kato H, Gu L, Chi Y, Yao J, Kitamura M. 2012. Cordycepin as a sensitizer to tumour 
necrosis factor (TNF)‐α‐induced apoptosis through eukaryotic translation initiation factor 2α 
(eIF2α)‐and mammalian target of rapamycin complex 1 (mTORC1)‐mediated inhibition of nuclear factor 
(NF)‐κB. Clinical & Experimental Immunology 168(3):325-332. 
Kalhan A, Gharibi B, Vazquez M, Jasani B, Neal J, Kidd M, Modlin I, Pfragner R, Rees DA, Ham J. 2012. Adenosine 
A2A and A2B receptor expression in neuroendocrine tumours: potential targets for therapy. Purinergic 
signalling 8(2):265-274. 
This article is protected by copyright. All rights reserved  20 
Kamiya H, Kanno T, Fujita Y, Gotoh A, Nakano T, Nishizaki T. 2012. Apoptosis-related gene transcription in 
human A549 lung cancer cells via A3 adenosine receptor. Cellular Physiology and Biochemistry 29(5-
6):687-696. 
Kanno T, Nakano T, Fujita Y, Gotoh A, Nishizaki T. 2012. Adenosine induces apoptosis in SBC-3 human lung 
cancer cells through A3 adenosine receptor-dependent AMID upregulation. Cellular Physiology and 
Biochemistry 30(3):666-677. 
Kasama H, Sakamoto Y, Kasamatsu A, Okamoto A, Koyama T, Minakawa Y, Ogawara K, Yokoe H, Shiiba M, 
Tanzawa H. 2015. Adenosine A2b receptor promotes progression of human oral cancer. BMC cancer 
15(1):563. 
Katritch V, Jaakola V-P, Lane JR, Lin J, IJzerman AP, Yeager M, Kufareva I, Stevens RC, Abagyan R. 2010. 
Structure-based discovery of novel chemotypes for adenosine A2A receptor antagonists. Journal of 
medicinal chemistry 53(4):1799-1809. 
Keibel A, Singh V, Sharma MC. 2009. Inflammation, microenvironment, and the immune system in cancer 
progression. Current Pharmaceutical Design 15(17):1949-1955. 
Khalil DN, Smith EL, Brentjens RJ, Wolchok JD. 2016. The future of cancer treatment: immunomodulation, CARs 
and combination immunotherapy. Nature Reviews Clinical Oncology 13(5):273-290. 
Khoo H-E, Ho C-L, Chhatwal VJ, Chan ST, Ngoi S-S, Moochhala SM. 1996. Differential expression of adenosine 
A1 receptors in colorectal cancer and related mucosa. Cancer letters 106(1):17-21. 
Kim S-J, Min H-Y, Chung H-J, Park E-J, Hong J-Y, Kang Y-J, Shin D-H, Jeong LS, Lee SK. 2008. Inhibition of cell 
proliferation through cell cycle arrest and apoptosis by thio-Cl-IB-MECA, a novel A 3 adenosine 
receptor agonist, in human lung cancer cells. Cancer letters 264(2):309-315. 
Kim SG, Ravi G, Hoffmann C, Jung Y-J, Kim M, Chen A, Jacobson KA. 2002. p53-Independent induction of Fas 
and apoptosis in leukemic cells by an adenosine derivative, Cl-IB-MECA. Biochemical pharmacology 
63(5):871-880. 
Kitamura T, Qian B-Z, Pollard JW. 2015. Immune cell promotion of metastasis. Nature Reviews Immunology 
15(2):73-86. 
Klaasse EC, IJzerman AP, Willem J, Beukers MW. 2008. Internalization and desensitization of adenosine 
receptors. Purinergic signalling 4(1):21-37. 
Klinger M, Freissmuth M, Nanoff C. 2002. Adenosine receptors: G protein-mediated signalling and the role of 
accessory proteins. Cellular signalling 14(2):99-108. 
Knight R, Collis M, Yates M, Bowmer C. 1991. Amelioration of cisplatin‐induced acute renal failure with 
8‐cyclopentyl‐1, 3‐dipropylxanthine. British journal of pharmacology 104(4):1062-1068. 
Kohno Y, Sei Y, Koshiba M, Kim HO, Jacobson KA. 1996. Induction of apoptosis in HL-60 human promyelocytic 
leukemia cells by adenosine A 3 receptor agonists. Biochemical and biophysical research 
communications 219(3):904-910. 
Kong F, Liu G, Sun B, Zhou S, Zuo A, Zhao R, Liang D. 2012. Phosphorylatable short peptide conjugated low 
molecular weight chitosan for efficient siRNA delivery and target gene silencing. International journal 
of pharmaceutics 422(1):445-453. 
Koshiba M, Kojima H, Huang S, Apasov S, Sitkovsky MV. 1997. Memory of extracellular adenosine A2A 
purinergic receptor-mediated signaling in murine T cells. Journal of Biological Chemistry 
272(41):25881-25889. 
Koszałka P, Gołuńska M, Urban A, Stasiłojć G, Stanisławowski M, Majewski M, Składanowski AC, Bigda J. 2016. 
Specific Activation of A 3, A 2A and A 1 Adenosine Receptors in CD73-Knockout Mice Affects B16F10 
Melanoma Growth, Neovascularization, Angiogenesis and Macrophage Infiltration. PloS one 
11(3):e0151420. 
Lane JR, Jaakola V-P, IJzerman AP. 2011. The structure of the adenosine receptors: implications for drug 
discovery. Adv Pharmacol 61:1-40. 
Lassi K, Dawson NA. 2010. Update on castrate-resistant prostate cancer: 2010. Current opinion in oncology 
22(3):263-267. 
This article is protected by copyright. All rights reserved  21 
Lee E-J, Min H-Y, Chung H-J, Park E-J, Shin D-H, Jeong LS, Lee SK. 2005. A novel adenosine analog, thio-Cl-IB-
MECA, induces G 0/G 1 cell cycle arrest and apoptosis in human promyelocytic leukemia HL-60 cells. 
Biochemical pharmacology 70(6):918-924. 
Lee HT, Emala CW. 2002. Adenosine attenuates oxidant injury in human proximal tubular cells via A1 and A2a 
adenosine receptors. American Journal of Physiology-Renal Physiology 282(5):F844-F852. 
Lee HT, Gallos G, Nasr SH, Emala CW. 2004. A1 adenosine receptor activation inhibits inflammation, necrosis, 
and apoptosis after renal ischemia-reperfusion injury in mice. Journal of the American Society of 
Nephrology 15(1):102-111. 
Leibovich SJ, Chen J-F, Pinhal-Enfield G, Belem PC, Elson G, Rosania A, Ramanathan M, Montesinos C, Jacobson 
M, Schwarzschild MA. 2002. Synergistic up-regulation of vascular endothelial growth factor expression 
in murine macrophages by adenosine A 2A receptor agonists and endotoxin. The American journal of 
pathology 160(6):2231-2244. 
Libert F, Van Sande J, Lefort A, Czernilofsky A, Dumont JE, Vassart G, Ensinger HA, Mendla KD. 1992. Cloning 
and functional characterization of a human Al adenosine receptor. Biochemical and biophysical 
research communications 187(2):919-926. 
Lin Z, Yin P, Reierstad S, O'Halloran M, Pearson E, Mutlu G, Bulun S. 2010. Adenosine A1 receptor, a target and 
regulator of estrogen receptorα action, mediates the proliferative effects of estradiol in breast cancer. 
Oncogene 29(8):1114-1122. 
Linden J. 1994. Cloned adenosine A3 receptors: pharmacological properties, species differences and receptor 
functions. Trends in pharmacological sciences 15(8):298-306. 
Linden J. 2001. Molecular approach to adenosine receptors: receptor-mediated mechanisms of tissue 
protection. Annual review of pharmacology and toxicology 41(1):775-787. 
Linden J. 2011. Regulation of leukocyte function by adenosine receptors. Advances in pharmacology 61:95. 
Linden J, Taylor H, Robeva A, Tucker A, Stehle J, Rivkees S, Fink J, Reppert S. 1993. Molecular cloning and 
functional expression of a sheep A3 adenosine receptor with widespread tissue distribution. Molecular 
pharmacology 44(3):524-532. 
Liu GS, Richards SC, Olsson RA, Mullane K, Walsh RS, Downey JM. 1994. Evidence that the adenosine A3 
receptor may mediate the protection afforded by preconditioning in the isolated rabbit heart. 
Cardiovascular research 28(7):1057-1061. 
Liu J, Tian Z, Gao B, Kunos G. 2002. Dose-dependent Activation of Antiapoptotic and Proapoptotic Pathways by 
Ethanol Treatment in Human Vascular Endothelial Cells DIFFERENTIAL INVOLVEMENT OF ADENOSINE. 
Journal of Biological Chemistry 277(23):20927-20933. 
Liu T-z, Wang X, Bai Y-f, Liao H-z, Qiu S-c, Yang Y-q, Yan X-h, Chen J, Guo H-b, Zhang S-z. 2014. The HIF-2alpha 
dependent induction of PAP and adenosine synthesis regulates glioblastoma stem cell function through 
the A2B adenosine receptor. The international journal of biochemistry & cell biology 49:8-16. 
Loi S, Pommey S, Haibe-Kains B, Beavis PA, Darcy PK, Smyth MJ, Stagg J. 2013. CD73 promotes anthracycline 
resistance and poor prognosis in triple negative breast cancer. Proceedings of the National Academy of 
Sciences 110(27):11091-11096. 
Lokshin A, Raskovalova T, Huang X, Zacharia LC, Jackson EK, Gorelik E. 2006. Adenosine-mediated inhibition of 
the cytotoxic activity and cytokine production by activated natural killer cells. Cancer Research 
66(15):7758-7765. 
Londos C, Cooper D, Wolff J. 1980. Subclasses of external adenosine receptors. Proceedings of the National 
Academy of Sciences 77(5):2551-2554. 
Long J, Schoonen P, Graczyk D, O'Prey J, Ryan K. 2015. p73 engages A2B receptor signalling to prime cancer 
cells to chemotherapy-induced death. Oncogene. 
Lu J, Pierron A, Ravid K. 2003. An adenosine analogue, IB-MECA, down-regulates estrogen receptor α and 
suppresses human breast cancer cell proliferation. Cancer Research 63(19):6413-6423. 
Lutty G, Mathews MK, Merges C, McLeod D. 1998. Adenosine stimulates canine retinal microvascular 
endothelial cell migration and tube formation. Current eye research 17(6):594-607. 
This article is protected by copyright. All rights reserved  22 
Lutty GA, McLeod DS. 2003. Retinal vascular development and oxygen-induced retinopathy: a role for 
adenosine. Progress in retinal and eye research 22(1):95-111. 
Lyons J, Bastian BC, McCormick F. 2013. MC1R and cAMP signaling inhibit cdc25B activity and delay cell cycle 
progression in melanoma cells. Proceedings of the National Academy of Sciences 110(34):13845-13850. 
Ma D-F, Kondo T, Nakazawa T, Niu D-F, Mochizuki K, Kawasaki T, Yamane T, Katoh R. 2010. Hypoxia-inducible 
adenosine A2B receptor modulates proliferation of colon carcinoma cells. Human pathology 
41(11):1550-1557. 
MacCollin M, MacDonald M, Gusella J, Peterfreund R, Fink J. 1994. Mapping of a human A2a adenosine 
receptor (ADORA2) to chromosome 22. Genomics;(United States) 20(2). 
MacKenzie WM, Hoskin DW, Blay J. 2002. Adenosine suppresses α 4 β 7 integrin-mediated adhesion of T 
lymphocytes to colon adenocarcinoma cells. Experimental cell research 276(1):90-100. 
Madi L, Bar-Yehuda S, Barer F, Ardon E, Ochaion A, Fishman P. 2003. A3 Adenosine Receptor Activation in 
Melanoma Cells ASSOCIATION BETWEEN RECEPTOR FATE AND TUMOR GROWTH INHIBITION. Journal 
of Biological Chemistry 278(43):42121-42130. 
Madi L, Cohen S, Ochayin A, Bar-Yehuda S, Barer F, Fishman P. 2007. Overexpression of A3 adenosine receptor 
in peripheral blood mononuclear cells in rheumatoid arthritis: involvement of nuclear factor-kappaB in 
mediating receptor level. The Journal of rheumatology 34(1):20-26. 
Madi L, Ochaion A, Rath-Wolfson L, Bar-Yehuda S, Erlanger A, Ohana G, Harish A, Merimski O, Barer F, Fishman 
P. 2004. The A3 adenosine receptor is highly expressed in tumor versus normal cells potential target for 
tumor growth inhibition. Clinical Cancer Research 10(13):4472-4479. 
Mahoney KM, Rennert PD, Freeman GJ. 2015. Combination cancer immunotherapy and new 
immunomodulatory targets. Nature reviews Drug discovery 14(8):561-584. 
Martin L, Pingle SC, Hallam DM, Rybak LP, Ramkumar V. 2006. Activation of the adenosine A3 receptor in RAW 
264.7 cells inhibits lipopolysaccharide-stimulated tumor necrosis factor-α release by reducing calcium-
dependent activation of nuclear factor-κB and extracellular signal-regulated kinase 1/2. Journal of 
Pharmacology and Experimental Therapeutics 316(1):71-78. 
McWhinney CD, Dudley MW, Bowlin TL, Peet NP, Schook L, Bradshaw M, De M, Borcherding DR, Edwards CK. 
1996. Activation of adenosine A 3 receptors on macrophages inhibits tumor necrosis factor-α. 
European journal of pharmacology 310(2):209-216. 
Mediavilla-Varela M, Luddy K, Noyes D, Khalil FK, Neuger AM, Soliman H, Antonia SJ. 2013. Antagonism of 
adenosine A2A receptor expressed by lung adenocarcinoma tumor cells and cancer associated 
fibroblasts inhibits their growth. Cancer biology & therapy 14(9):860-868. 
Megson AC, Dickenson JM, Townsend‐Nicholson A, Hill SJ. 1995. Synergy between the inositol phosphate 
responses to transfected human adenosine A1‐receptors and constitutive P2‐purinoceptors in CHO‐K1 
cells. British journal of pharmacology 115(8):1415-1424. 
Merighi S, Benini A, Mirandola P, Gessi S, Varani K, Leung E, MacLennan S, Baraldi PG, Borea PA. 2005a. A 3 
Adenosine Receptors Modulate Hypoxia-inducible Factor-1a Expression in Human A375 Melanoma 
Cells. Neoplasia 7(10):894-903. 
Merighi S, Benini A, Mirandola P, Gessi S, Varani K, Leung E, Maclennan S, Baraldi PG, Borea PA. 2007a. Hypoxia 
inhibits paclitaxel-induced apoptosis through adenosine-mediated phosphorylation of bad in 
glioblastoma cells. Molecular pharmacology 72(1):162-172. 
Merighi S, Benini A, Mirandola P, Gessi S, Varani K, Leung E, Maclennan S, Borea PA. 2005b. A3 adenosine 
receptor activation inhibits cell proliferation via phosphatidylinositol 3-kinase/Akt-dependent inhibition 
of the extracellular signal-regulated kinase 1/2 phosphorylation in A375 human melanoma cells. 
Journal of Biological Chemistry 280(20):19516-19526. 
Merighi S, Benini A, Mirandola P, Gessi S, Varani K, Leung E, Maclennan S, Borea PA. 2006. Adenosine 
modulates vascular endothelial growth factor expression via hypoxia-inducible factor-1 in human 
glioblastoma cells. Biochemical pharmacology 72(1):19-31. 
Merighi S, Benini A, Mirandola P, Gessi S, Varani K, Simioni C, Leung E, Maclennan S, Baraldi PG, Borea PA. 
2007b. Caffeine inhibits adenosine-induced accumulation of hypoxia-inducible factor-1α, vascular 
This article is protected by copyright. All rights reserved  23 
endothelial growth factor, and interleukin-8 expression in hypoxic human colon cancer cells. Molecular 
pharmacology 72(2):395-406. 
Merighi S, Mirandola P, Milani D, Varani K, Gessi S, Klotz K-N, Leung E, Baraldi PG, Borea PA. 2002. Adenosine 
receptors as mediators of both cell proliferation and cell death of cultured human melanoma cells. 
Journal of Investigative Dermatology 119(4):923-933. 
Merighi S, Simioni C, Gessi S, Varani K, Mirandola P, Tabrizi MA, Baraldi PG, Borea PA. 2009. A 2B and A 3 
adenosine receptors modulate vascular endothelial growth factor and interleukin-8 expression in 
human melanoma cells treated with etoposide and doxorubicin. Neoplasia 11(10):1064-1073. 
Merighi S, Varani K, Gessi S, Cattabriga E, Iannotta V, Ulouglu C, Leung E, Borea PA. 2001. Pharmacological and 
biochemical characterization of adenosine receptors in the human malignant melanoma A375 cell line. 
British journal of pharmacology 134(6):1215-1226. 
Meyerhof W, Müller-Brechlin R, Richter D. 1991. Molecular cloning of a novel putative G‐protein coupled 
receptor expressed during rat spermiogenesis. FEBS letters 284(2):155-160. 
Michel PP, Marien M, Ruberg M, Colpaert F, Agid Y. 1999. Adenosine prevents the death of mesencephalic 
dopaminergic neurons by a mechanism that involves astrocytes. Journal of neurochemistry 72(5):2074-
2082. 
Mirandola P, Ponti C, Gobbi G, Sponzilli I, Vaccarezza M, Cocco L, Zauli G, Secchiero P, Manzoli FA, Vitale M. 
2004. Activated human NK and CD8+ T cells express both TNF-related apoptosis-inducing ligand (TRAIL) 
and TRAIL receptors but are resistant to TRAIL-mediated cytotoxicity. Blood 104(8):2418-2424. 
Mirshafiey A, Asghari B, Ghalamfarsa G, Jadidi-Niaragh F, Azizi G. 2014. The significance of matrix 
metalloproteinases in the immunopathogenesis and treatment of multiple sclerosis. Sultan Qaboos 
University Medical Journal 14(1):e13. 
Mirza A, Basso A, Black S, Malkowski M, Kwee L, Patcher JA, Lachowicz JE, Wang Y, Liu S. 2005. RNA 
interference targeting of A1 receptor-overexpressing breast carcinoma cells leads to diminished rates 
of cell proliferation and induction of apoptosis. Cancer biology & therapy 4(12):1355-1360. 
Mittal D, Young A, Stannard K, Yong M, Teng MW, Allard B, Stagg J, Smyth MJ. 2014. Antimetastatic effects of 
blocking PD-1 and the adenosine A2A receptor. Cancer Research 74(14):3652-3658. 
Montesinos MC, Desai A, Chen J-F, Yee H, Schwarzschild MA, Fink JS, Cronstein BN. 2002. Adenosine promotes 
wound healing and mediates angiogenesis in response to tissue injury via occupancy of A 2A receptors. 
The American journal of pathology 160(6):2009-2018. 
Montesinos MC, Gadangi P, Longaker M, Sung J, Levine J, Nilsen D, Reibman J, Li M, Jiang C-K, Hirschhorn R. 
1997. Wound healing is accelerated by agonists of adenosine A2 (Gαs-linked) receptors. The Journal of 
experimental medicine 186(9):1615-1620. 
Montinaro A, Forte G, Sorrentino R, Luciano A, Palma G, Arra C, Adcock IM, Pinto A, Morello S. 2012. Adoptive 
immunotherapy with Cl-IB-MECA-treated CD8+ T cells reduces melanoma growth in mice. PLoS One 
7(9):e45401. 
Morello S, Petrella A, Festa M, Popolo A, Monaco M, Vuttariello E, Chiappetta G, Parente L, Pinto A. 2008. Cl-IB-
MECA inhibits human thyroid cancer cell proliferation independently of A3 adenosine receptor 
activation. Cancer biology & therapy 7(2):278-284. 
Morello S, Sorrentino R, Montinaro A, Luciano A, Maiolino P, Ngkelo A, Arra C, Adcock IM, Pinto A. 2011. NK1. 
1+ cells and CD8+ T cells mediate the antitumor activity of Cl-IB-MECA in a mouse melanoma model. 
Neoplasia 13(4):365IN318-373IN320. 
Morello S, Sorrentino R, Porta A, Forte G, Popolo A, Petrella A, Pinto A. 2009. Cl‐IB‐MECA enhances 
TRAIL‐induced apoptosis via the modulation of NF‐κB signalling pathway in thyroid cancer cells. Journal 
of cellular physiology 221(2):378-386. 
Muller C, Stein B. 1996. Adenosine receptor antagonists: structures and potential therapeutic applications. 
Current Pharmaceutical Design 2(5):501-530. 
Müller CE, Scior T. 1993. Adenosine receptors and their modulators. Pharmaceutica Acta Helvetiae 68(2):77-
111. 
This article is protected by copyright. All rights reserved  24 
Müller CE, Thorand M, Qurishi R, Diekmann M, Jacobson KA, Padgett WL, Daly JW. 2002. Imidazo [2, 1-i] purin-
5-ones and related tricyclic water-soluble purine derivatives: potent A2A-and A3-adenosine receptor 
antagonists. Journal of medicinal chemistry 45(16):3440-3450. 
Naganuma M, Wiznerowicz EB, Lappas CM, Linden J, Worthington MT, Ernst PB. 2006. Cutting edge: critical 
role for A2A adenosine receptors in the T cell-mediated regulation of colitis. The Journal of 
Immunology 177(5):2765-2769. 
Nagashima K, Karasawa A. 1996. Modulation of erythropoietin production by selective adenosine agonists and 
antagonists in normal and anemic rats. Life sciences 59(9):761-771. 
Nagaya H, Gotoh A, Kanno T, Nishizaki T. 2013. A 3 adenosine receptor mediates apoptosis in in vitro RCC4-VHL 
human renal cancer cells by up-regulating AMID expression. The Journal of urology 189(1):321-328. 
Nakamura K, YOSHIKAWA N, YAMAGUCHI Y, KAGOTA S, SHINOZUKA K, KUNITOMO M. 2006. Antitumor effect 
of cordycepin (3′-deoxyadenosine) on mouse melanoma and lung carcinoma cells involves adenosine 
A3 receptor stimulation. Anticancer research 26(1A):43-47. 
Nardin C, Fitzpatrick L, Zippin J. 2014. Diverse effects of cAMP signaling in melanoma support the role of 
distinct cAMP microdomains in melanomagenesis, metastasis, and resistance to therapy. OA 
Dermatology 2:5. 
Nemunaitis J, Jahan T, Ross H, Sterman D, Richards D, Fox B, Jablons D, Aimi J, Lin A, Hege K. 2006. Phase 1/2 
trial of autologous tumor mixed with an allogeneic GVAX® vaccine in advanced-stage non-small-cell 
lung cancer. Cancer gene therapy 13(6):555-562. 
Nogi Y, Kanno T, Nakano T, Fujita Y, Tabata C, Fukuoka K, Gotoh A, Nishizaki T. 2012. AMP converted from 
intracellularly transported adenosine upregulates p53 expression to induce malignant pleural 
mesothelioma cell apoptosis. Cellular Physiology and Biochemistry 30(1):61-74. 
Novitskiy SV, Ryzhov S, Zaynagetdinov R, Goldstein AE, Huang Y, Tikhomirov OY, Blackburn MR, Biaggioni I, 
Carbone DP, Feoktistov I. 2008. Adenosine receptors in regulation of dendritic cell differentiation and 
function. Blood 112(5):1822-1831. 
Ochaion A, Bar-Yehuda S, Cohen S, Barer F, Patoka R, Amital H, Reitblat T, Reitblat A, Ophir J, Konfino I. 2009. 
The anti-inflammatory target A 3 adenosine receptor is over-expressed in rheumatoid arthritis, 
psoriasis and Crohn’s disease. Cellular immunology 258(2):115-122. 
Odashima M, Bamias G, Rivera-Nieves J, Linden J, Nast CC, Moskaluk CA, Marini M, Sugawara K, Kozaiwa K, 
Otaka M. 2005. Activation of A 2A adenosine receptor attenuates intestinal inflammation in animal 
models of inflammatory bowel disease. Gastroenterology 129(1):26-33. 
Ohana G, Bar-Yehuda S, Arich A, Madi L, Dreznick Z, Rath-Wolfson L, Silberman D, Slosman G, Fishman P. 2003. 
Inhibition of primary colon carcinoma growth and liver metastasis by the A3 adenosine receptor 
agonist CF101. British journal of cancer 89(8):1552-1558. 
Ohana G, Bar‐Yehuda S, Barer F, Fishman P. 2001. Differential effect of adenosine on tumor and normal cell 
growth: focus on the A3 adenosine receptor. Journal of cellular physiology 186(1):19-23. 
Ohta A, Gorelik E, Prasad SJ, Ronchese F, Lukashev D, Wong MK, Huang X, Caldwell S, Liu K, Smith P. 2006. A2A 
adenosine receptor protects tumors from antitumor T cells. Proceedings of the National Academy of 
Sciences 103(35):13132-13137. 
Ohta A, Kjaergaard J, Sharma S, Mohsin M, Goel N, Madasu M, Fradkov E, Ohta A, Sitkovsky M. 2009. In vitro 
induction of T cells that are resistant to A2 adenosine receptor‐mediated immunosuppression. British 
journal of pharmacology 156(2):297-306. 
Ohta A, Sitkovsky M. 2001. Role of G-protein-coupled adenosine receptors in downregulation of inflammation 
and protection from tissue damage. Nature 414(6866):916-920. 
Olah ME, Roudabush FL. 2000. Down-regulation of vascular endothelial growth factor expression after A2A 
adenosine receptor activation in PC12 pheochromocytoma cells. Journal of Pharmacology and 
Experimental Therapeutics 293(3):779-787. 
Ongini E, Schubert P. 1998. Neuroprotection induced by stimulating A1 or blocking A2A adenosine receptors: 
an apparent paradox. Drug development research 45(3‐4):387-393. 
This article is protected by copyright. All rights reserved  25 
Ortore G, Martinelli A. 2010. A2B receptor ligands: past, present and future trends. Current topics in medicinal 
chemistry 10(9):923-940. 
Otsuki T-i, Kanno T, Fujita Y, Tabata C, Fukuoka K, Nakano T, Gotoh A, Nishizaki T. 2012. A3 adenosine receptor-
mediated p53-dependent apoptosis in Lu-65 human lung cancer cells. Cellular Physiology and 
Biochemistry 30(1):210-220. 
Palmer T, Trevethick M. 2008. Suppression of inflammatory and immune responses by the A2A adenosine 
receptor: an introduction. British journal of pharmacology 153(S1):S27-S34. 
Panjehpour M, Castro M, Klotz KN. 2005. Human breast cancer cell line MDA‐MB‐231 expresses endogenous 
A2B adenosine receptors mediating a Ca2+ signal. British journal of pharmacology 145(2):211-218. 
Panjehpour M, Karami-Tehrani F. 2004. An adenosine analog (IB-MECA) inhibits anchorage-dependent cell 
growth of various human breast cancer cell lines. The international journal of biochemistry & cell 
biology 36(8):1502-1509. 
Panjehpour M, Karami-Tehrani F. 2007. Adenosine modulates cell growth in the human breast cancer cells via 
adenosine receptors. Oncology Research Featuring Preclinical and Clinical Cancer Therapeutics 
16(12):575-585. 
Panthere E, Idzko M, Herouy Y, Rheinen H, Gebicke-Haerter PJ, Mrowietz u, Dichmann S, Norgauer J. 2001. 
Expression and function of adenosine receptors in human dendritic cells. The FASEB Journal 
15(11):1963-1970. 
Peterfreund RA, MacCollin M, Gusella J, Fink JS. 1996. Characterization and expression of the human A2a 
adenosine receptor gene. Journal of neurochemistry 66(1):362-368. 
Peyot M-L, Gadeau A-P, Dandré F, Belloc I, Dupuch F, Desgranges C. 2000. Extracellular adenosine induces 
apoptosis of human arterial smooth muscle cells via A2b-purinoceptor. Circulation Research 86(1):76-
85. 
Pierce KD, Furlong TJ, Selbie LA, Shine J. 1992. Molecular cloning and expression of an adenosine A2b receptor 
from human brain. Biochemical and biophysical research communications 187(1):86-93. 
Piersen CE, True CD, Wells JN. 1994. A carboxyl-terminally truncated mutant and nonglycosylated A2a 
adenosine receptors retain ligand binding. Molecular pharmacology 45(5):861-870. 
Polycarpou E, Meira LB, Carrington S, Tyrrell E, Modjtahedi H, Carew MA. 2013. Resveratrol 3‐O‐d‐glucuronide 
and resveratrol 4′‐O‐d‐glucuronide inhibit colon cancer cell growth: Evidence for a role of A3 adenosine 
receptors, cyclin D1 depletion, and G1 cell cycle arrest. Molecular nutrition & food research 
57(10):1708-1717. 
Porkka-Heiskanen T, Alanko L, Kalinchuk A, Stenberg D. 2002. Adenosine and sleep. Sleep medicine reviews 
6(4):321-332. 
Qin Z, Blankenstein T. 2000. CD4+ T cell–mediated tumor rejection involves inhibition of angiogenesis that is 
dependent on IFNγ receptor expression by nonhematopoietic cells. Immunity 12(6):677-686. 
Raman M, Chen W, Cobb M. 2007. Differential regulation and properties of MAPKs. Oncogene 26(22):3100-
3112. 
Ramkumar V, Olah ME, Jacobson KA, Stiles GL. 1991. Distinct pathways of desensitization of A1-and A2-
adenosine receptors in DDT1 MF-2 cells. Molecular pharmacology 40(5):639-647. 
Raskovalova T, Huang X, Sitkovsky M, Zacharia LC, Jackson EK, Gorelik E. 2005. Gs protein-coupled adenosine 
receptor signaling and lytic function of activated NK cells. The Journal of Immunology 175(7):4383-
4391. 
Raskovalova T, Lokshin A, Huang X, Jackson EK, Gorelik E. 2006. Adenosine-mediated inhibition of cytotoxic 
activity and cytokine production by IL-2/NKp46-Activated NK cells. Immunologic research 36(1-3):91-
99. 
Raskovalova T, Lokshin A, Huang X, Su Y, Mandic M, Zarour HM, Jackson EK, Gorelik E. 2007. Inhibition of 
cytokine production and cytotoxic activity of human antimelanoma specific CD8+ and CD4+ T 
lymphocytes by adenosine-protein kinase A type I signaling. Cancer Research 67(12):5949-5956. 
Ryzhov S, Novitskiy SV, Carbone DP, Biaggioni I, Zaynagetdinov R, Goldstein AE, Dikov MM, Feoktistov I. 2008. 
Host A 2B adenosine receptors promote carcinoma growth. Neoplasia 10(9):987-995. 
This article is protected by copyright. All rights reserved  26 
Safarzadeh E, Jadidi-Niaragh F, Motallebnezhad M, Yousefi M. 2016. The role of adenosine and adenosine 
receptors in the immunopathogenesis of multiple sclerosis. Inflammation Research:1-10. 
Sai K, Yang D, Yamamoto H, Fujikawa H, Yamamoto S, Nagata T, Saito M, Yamamura T, Nishizaki T. 2006. A 1 
adenosine receptor signal and AMPK involving caspase-9/-3 activation are responsible for adenosine-
induced RCR-1 astrocytoma cell death. Neurotoxicology 27(4):458-467. 
Saito M, Yaguchi T, Yasuda Y, Nakano T, Nishizaki T. 2010. Adenosine suppresses CW2 human colonic cancer 
growth by inducing apoptosis via A 1 adenosine receptors. Cancer letters 290(2):211-215. 
Sajjadi FG, Firestein GS. 1993. cDNA cloning and sequence analysis of the human A3 adenosine receptor. 
Biochimica et Biophysica Acta (BBA)-Molecular Cell Research 1179(1):105-107. 
Sajjadi FG, Takabayashi K, Foster AC, Domingo RC, Firestein GS. 1996. Inhibition of TNF-alpha expression by 
adenosine: role of A3 adenosine receptors. The Journal of Immunology 156(9):3435-3442. 
Sakowicz-Burkiewicz M, Kitowska A, Grden M, Maciejewska I, Szutowicz A, Pawelczyk T. 2013. Differential 
effect of adenosine receptors on growth of human colon cancer HCT 116 and HT-29 cell lines. Archives 
of biochemistry and biophysics 533(1):47-54. 
Salvatore CA, Jacobson MA, Taylor HE, Linden J, Johnson RG. 1993. Molecular cloning and characterization of 
the human A3 adenosine receptor. Proceedings of the National Academy of Sciences 90(21):10365-
10369. 
Sandberg G. 1983. Regulation of thymocyte proliferation by endogenous adenosine and adenosine deaminase. 
International journal of immunopharmacology 5(4):259-265. 
Sauer R, Maurinsh J, Reith U, Fülle F, Klotz K-N, Müller CE. 2000. Water-soluble phosphate prodrugs of 1-
propargyl-8-styrylxanthine derivatives, A2A-selective adenosine receptor antagonists. Journal of 
medicinal chemistry 43(3):440-448. 
Scheibner KA, Boodoo S, Collins S, Black KE, Chan-Li Y, Zarek P, Powell JD, Horton MR. 2009. The adenosine a2a 
receptor inhibits matrix-induced inflammation in a novel fashion. American journal of respiratory cell 
and molecular biology 40(3):251-259. 
Schnurr M, Toy T, Shin A, Hartmann G, Rothenfusser S, Soellner J, Davis ID, Cebon J, Maraskovsky E. 2004. Role 
of adenosine receptors in regulating chemotaxis and cytokine production of plasmacytoid dendritic 
cells. Blood 103(4):1391-1397. 
Schulte G, Fredholm BB. 2000. Human adenosine A1, A2A, A2B, and A3 receptors expressed in Chinese hamster 
ovary cells all mediate the phosphorylation of extracellular-regulated kinase 1/2. Molecular 
Pharmacology 58(3):477-482. 
Semenza GL. 2000. HIF-1: mediator of physiological and pathophysiological responses to hypoxia. Journal of 
applied physiology 88(4):1474-1480. 
Semenza GL. 2003. Targeting HIF-1 for cancer therapy. Nature Reviews Cancer 3(10):721-732. 
Sevigny CP, Li L, Awad AS, Huang L, McDuffie M, Linden J, Lobo PI, Okusa MD. 2007. Activation of adenosine 2A 
receptors attenuates allograft rejection and alloantigen recognition. The Journal of Immunology 
178(7):4240-4249. 
Sexl V, Mancusi G, Baumgartner‐Parzer S, Schütz W, Freissmuth M. 1995. Stimulation of human umbilical vein 
endothelial cell proliferation by A2‐adenosine and β2‐adrenoceptors. British journal of pharmacology 
114(8):1577-1586. 
Sexl V, Mancusi G, Höller C, Gloria-Maercker E, Schütz W, Freissmuth M. 1997. Stimulation of the mitogen-
activated protein kinase via the A2A-adenosine receptor in primary human endothelial cells. Journal of 
Biological Chemistry 272(9):5792-5799. 
Shaban M, Smith R, Stone T. 1995. Purine suppression of proliferation of Sertoli‐like TM4 cells in culture. Cell 
proliferation 28(12):673-682. 
Shneyvays V, Jacobson K, Li A, Nawrath H, Zinman T, Isaac Aa, Shainberg A. 2000. Induction of apoptosis in rat 
cardiocytes by A 3 adenosine receptor activation and its suppression by isoproterenol. Experimental 
cell research 257(1):111-126. 
Shneyvays V, Nawrath H, Jacobson K, Shainberg A. 1998. Induction of apoptosis in cardiac myocytes by an A 3 
adenosine receptor agonist. Experimental cell research 243(2):383-397. 
This article is protected by copyright. All rights reserved  27 
Sitkovsky MV, Lukashev D, Apasov S, Kojima H, Koshiba M, Caldwell C, Ohta A, Thiel M. 2004. Physiological 
control of immune response and inflammatory tissue damage by hypoxia-inducible factors and 
adenosine a2a receptors*. Annu Rev Immunol 22:657-682. 
Soares AS, Costa VM, Diniz C, Fresco P. 2014. The combination of Cl-IB-MECA with paclitaxel: a new anti-
metastatic therapeutic strategy for melanoma. Cancer chemotherapy and pharmacology 74(4):847-
860. 
Sorrentino C, Miele L, Porta A, Pinto A, Morello S. 2015. Myeloid-derived suppressor cells contribute to A2B 
adenosine receptor-induced VEGF production and angiogenesis in a mouse melanoma model. 
Oncotarget 6(29):27478. 
Stagg J, Divisekera U, McLaughlin N, Sharkey J, Pommey S, Denoyer D, Dwyer KM, Smyth MJ. 2010. Anti-CD73 
antibody therapy inhibits breast tumor growth and metastasis. Proceedings of the National Academy of 
Sciences 107(4):1547-1552. 
Stemmer SM, Benjaminov O, Medalia G, Ciuraru NB, Silverman MH, Bar-Yehuda S, Fishman S, Harpaz Z, 
Farbstein M, Cohen S. 2013. CF102 for the treatment of hepatocellular carcinoma: a phase I/II, open-
label, dose-escalation study. The oncologist 18(1):25-26. 
Suh BC, Kim TD, Lee JU, Seong JK, Kim KT. 2001. Pharmacological characterization of adenosine receptors in 
PGT‐β mouse pineal gland tumour cells. British journal of pharmacology 134(1):132-142. 
Sullivan G. 2003. Adenosine A2A receptor agonists as anti-inflammatory agents. Current opinion in 
investigational drugs (London, England: 2000) 4(11):1313-1319. 
Synowitz M, Glass R, Färber K, Markovic D, Kronenberg G, Herrmann K, Schnermann J, Nolte C, van Rooijen N, 
Kiwit J. 2006. A1 adenosine receptors in microglia control glioblastoma-host interaction. Cancer 
Research 66(17):8550-8557. 
Szabo C, Scott GS, Virág L, Egnaczyk G, Salzman AL, Shanley TP, Haskó G. 1998. Suppression of macrophage 
inflammatory protein (MIP)‐1α production and collagen‐induced arthritis by adenosine receptor 
agonists. British journal of pharmacology 125(2):379-387. 
Takayama H, Trenn G, Sitkovsky M. 1988. Locus of inhibitory action of cAMP-dependent protein kinase in the 
antigen receptor-triggered cytotoxic T lymphocyte activation pathway. Journal of Biological Chemistry 
263(5):2330-2336. 
Tanaka Y, Yoshihara K, Tsuyuki M, Kamiya T. 1994. Apoptosis induced by adenosine in human leukemia HL-60 
cells. Experimental cell research 213(1):242-252. 
Trincavelli M, Tuscano D, Marroni M, Falleni A, Gremigni V, Ceruti S, Abbracchio M, Jacobson K, Cattabeni F, 
Martini C. 2002. A3 adenosine receptors in human astrocytoma cells: agonist-mediated desensitization, 
internalization, and down-regulation. Molecular pharmacology 62(6):1373-1384. 
Ukena D, Jacobson KA, Padgett WL, Ayala C, Shamim MT, Kirk KL, Olssont RO, Daly JW. 1986. Species 
differences in structure-activity relationships of adenosine agonists and xanthine antagonists at brain 
A1 adenosine receptors. FEBS letters 209(1):122-128. 
Van Daele P, Van Coevorden A, Roger PP, Boeynaems J-M. 1992. Effects of adenine nucleotides on the 
proliferation of aortic endothelial cells. Circulation Research 70(1):82-90. 
Van Troostenburg A, Clark E, Carey W, Warrington S, Kerns W, Cohn I, Silverman M, Bar-Yehuda S, Fong K, 
Fishman P. 2004. Tolerability, pharmacokinetics and concentration-dependent hemodynamic effects of 
oral CF101, an A3 adenosine receptor agonist, in healthy young men. International journal of clinical 
pharmacology and therapeutics 42:534-542. 
Varani K, Caramori G, Vincenzi F, Adcock I, Casolari P, Leung E, MacLennan S, Gessi S, Morello S, Barnes PJ. 
2006. Alteration of adenosine receptors in patients with chronic obstructive pulmonary disease. 
American journal of respiratory and critical care medicine 173(4):398-406. 
Varani K, Vincenzi F, Targa M, Paradiso B, Parrilli A, Fini M, Lanza G, Borea PA. 2013. The stimulation of A 3 
adenosine receptors reduces bone-residing breast cancer in a rat preclinical model. European journal 
of cancer 49(2):482-491. 
Vaupel P, Kallinowski F, Okunieff P. 1989. Blood flow, oxygen and nutrient supply, and metabolic 
microenvironment of human tumors: a review. Cancer Research 49(23):6449-6465. 
This article is protected by copyright. All rights reserved  28 
Vecchio EA, Tan CY, Gregory KJ, Christopoulos A, White PJ, May LT. 2016. Ligand-independent adenosine A2B 
receptor constitutive activity as a promoter of prostate cancer cell proliferation. Journal of 
Pharmacology and Experimental Therapeutics 357(1):36-44. 
Vincenzi F, Targa M, Corciulo C, Gessi S, Merighi S, Setti S, Cadossi R, Borea PA, Varani K. 2012. The anti-tumor 
effect of A 3 adenosine receptors is potentiated by pulsed electromagnetic fields in cultured neural 
cancer cells. PloS one 7(6):e39317. 
Vincenzi F, Targa M, Corciulo C, Gessi S, Merighi S, Setti S, Cadossi R, Goldring MB, Borea PA, Varani K. 2013. 
Pulsed Electromagnetic Fields Increased the Anti-Inflammatory Effect of A 2A and A 3 Adenosine 
Receptors in Human T/C-28a2 Chondrocytes and hFOB 1.19 Osteoblasts. PloS one 8(5):e65561. 
Visser SS, Theron AJ, Ramafi G, Ker JA, Anderson R. 2000. Apparent involvement of the A 2A subtype adenosine 
receptor in the anti-inflammatory interactions of CGS 21680, cyclopentyladenosine, and IB-MECA with 
human neutrophils. Biochemical pharmacology 60(7):993-999. 
Vollmann K, Qurishi R, Hockemeyer J, Müller CE. 2008. Synthesis and properties of a new water-soluble 
prodrug of the adenosine A2A receptor antagonist MSX-2. Molecules 13(2):348-359. 
Vossler MR, Yao H, York RD, Pan M-G, Rim CS, Stork PJ. 1997. cAMP activates MAP kinase and Elk-1 through a 
B-Raf-and Rap1-dependent pathway. cell 89(1):73-82. 
Waickman AT, Alme A, Senaldi L, Zarek PE, Horton M, Powell JD. 2012. Enhancement of tumor immunotherapy 
by deletion of the A2A adenosine receptor. Cancer Immunology, Immunotherapy 61(6):917-926. 
Wang P, Guo X, Zong W, Song B, Liu G, He S. 2015. MicroRNA-128b suppresses tumor growth and promotes 
apoptosis by targeting A2bR in gastric cancer. Biochemical and biophysical research communications 
467(4):798-804. 
Wei Q, Costanzi S, Balasubramanian R, Gao Z-G, Jacobson KA. 2013. A2B adenosine receptor blockade inhibits 
growth of prostate cancer cells. Purinergic signalling 9(2):271-280. 
Weinzierl AO, Lemmel C, Schoor O, Müller M, Krüger T, Wernet D, Hennenlotter J, Stenzl A, Klingel K, 
Rammensee H-G. 2007. Distorted relation between mRNA copy number and corresponding major 
histocompatibility complex ligand density on the cell surface. Molecular & Cellular Proteomics 
6(1):102-113. 
Weiß HM, Grisshammer R. 2002. Purification and characterization of the human adenosine A2a receptor 
functionally expressed in Escherichia coli. European Journal of Biochemistry 269(1):82-92. 
Wen LT, Knowles AF. 2003. Extracellular ATP and adenosine induce cell apoptosis of human hepatoma Li‐7A 
cells via the A3 adenosine receptor. British journal of pharmacology 140(6):1009-1018. 
Weyler S, Fülle F, Diekmann M, Schumacher B, Hinz S, Klotz KN, Müller CE. 2006. Improving Potency, 
Selectivity, and Water Solubility of Adenosine A1 Receptor Antagonists: Xanthines Modified at Position 
3 and Related Pyrimido [1, 2, 3‐cd] purinediones. ChemMedChem 1(8):891-902. 
Williams BA, Manzer A, Blay J, Hoskin DW. 1997. Adenosine acts through a novel extracellular receptor to 
inhibit granule exocytosis by natural killer cells. Biochemical and biophysical research communications 
231(2):264-269. 
Woodhouse EC, Amanatullah DF, Schetz JA, Liotta LA, Stracke ML, Clair T. 1998. Adenosine receptor mediates 
motility in human melanoma cells. Biochemical and biophysical research communications 246(3):888-
894. 
Xaus J, Valledor AF, Cardó M, Marquès L, Beleta J, Palacios JM, Celada A. 1999. Adenosine inhibits macrophage 
colony-stimulating factor-dependent proliferation of macrophages through the induction of p27kip-1 
expression. The Journal of Immunology 163(8):4140-4149. 
Yaar R, Jones M, Chen JF, Ravid K. 2005. Animal models for the study of adenosine receptor function. Journal of 
cellular physiology 202(1):9-20. 
Yan L, Burbiel JC, Maaß A, Müller CE. 2003. Adenosine receptor agonists: from basic medicinal chemistry to 
clinical development. Expert opinion on emerging drugs 8(2):537-576. 
Yang D, Koupenova M, McCrann DJ, Kopeikina KJ, Kagan HM, Schreiber BM, Ravid K. 2008. The A2b adenosine 
receptor protects against vascular injury. Proceedings of the National Academy of Sciences 105(2):792-
796. 
This article is protected by copyright. All rights reserved  29 
Yang D, Yaguchi T, Nakano T, Nishizaki T. 2010a. Adenosine-induced caspase-3 activation by tuning Bcl-
XL/DIABLO/IAP expression in HuH-7 human hepatoma cells. Cell biology and toxicology 26(4):319-330. 
Yang D, Yaguchi T, Nakano T, Nishizaki T. 2011. Adenosine activates AMPK to phosphorylate Bcl-XL responsible 
for mitochondrial damage and DIABLO release in HuH-7 cells. Cellular Physiology and Biochemistry 
27(1):71-78. 
Yang D, Yaguchi T, Yamamoto H, Nishizaki T. 2007. Intracellularly transported adenosine induces apoptosis in 
HuH-7 human hepatoma cells by downregulating c-FLIP expression causing caspase-3/-8 activation. 
Biochemical pharmacology 73(10):1665-1675. 
Yang D, Zhang Y, Nguyen HG, Koupenova M, Chauhan AK, Makitalo M, Jones MR, Hilaire CS, Seldin DC, Toselli P. 
2006. The A 2B adenosine receptor protects against inflammation and excessive vascular adhesion. The 
Journal of clinical investigation 116(7):1913-1923. 
Yang M, Ma C, Liu S, Shao Q, Gao W, Song B, Sun J, Xie Q, Zhang Y, Feng A. 2010b. HIF-dependent induction of 
adenosine receptor A2b skews human dendritic cells to a Th2-stimulating phenotype under hypoxia. 
Immunology and cell biology 88(2):165-171. 
Yao Y, Sei Y, Abbracchio MP, Jiang J-L, Kim Y-C, Jacobson KA. 1997. Adenosine A 3 receptor agonists protect HL-
60 and U-937 cells from apoptosis induced by A 3 antagonists. Biochemical and biophysical research 
communications 232(2):317-322. 
Yasuda Y, Saito M, Yamamura T, Yaguchi T, Nishizaki T. 2009. Extracellular adenosine induces apoptosis in Caco-
2 human colonic cancer cells by activating caspase-9/-3 via A2a adenosine receptors. Journal of 
gastroenterology 44(1):56-65. 
Yazdani Y, Mohammadnia-Afrouzi M, Yousefi M, Anvari E, Ghalamfarsa G, Hasannia H, Sadreddini S, Jadidi-
Niaragh F. 2015. Myeloid-derived suppressor cells in B cell malignancies. Tumor Biology 36(10):7339-
7353. 
Yoshikawa N, Yamada S, Takeuchi C, Kagota S, Shinozuka K, Kunitomo M, Nakamura K. 2008. Cordycepin (3′-
deoxyadenosine) inhibits the growth of B16-BL6 mouse melanoma cells through the stimulation of 
adenosine A3 receptor followed by glycogen synthase kinase-3β activation and cyclin D1 suppression. 
Naunyn-Schmiedeberg's archives of pharmacology 377(4-6):591-595. 
Zarek PE, Huang C-T, Lutz ER, Kowalski J, Horton MR, Linden J, Drake CG, Powell JD. 2008. A2A receptor 
signaling promotes peripheral tolerance by inducing T-cell anergy and the generation of adaptive 
regulatory T cells. Blood 111(1):251-259. 
Zeng D, Maa T, Wang U, Feoktistov I, Biaggioni I, Belardinelli L. 2003. Expression and function of A2B adenosine 
receptors in the U87MG tumor cells. Drug development research 58(4):405-411. 
Zhang Y-W, Shi J, Li Y-J, Wei L. 2009. Cardiomyocyte death in doxorubicin-induced cardiotoxicity. Archivum 
immunologiae et therapiae experimentalis 57(6):435-445. 
Zhou JZ, Riquelme MA, Gao X, Ellies LG, Sun L-Z, Jiang JX. 2015. Differential impact of adenosine nucleotides 
released by osteocytes on breast cancer growth and bone metastasis. Oncogene 34(14):1831-1842. 
Zhou Q-Y, Li C, Olah ME, Johnson RA, Stiles GL, Civelli O. 1992. Molecular cloning and characterization of an 
adenosine receptor: the A3 adenosine receptor. Proceedings of the National Academy of Sciences 
89(16):7432-7436. 
 
  
This article is protected by copyright. All rights reserved  30 
 
Figure legends 
 
Figure1. Schematic diagram illustrating possible signaling pathways through ARs. The stimulation of A1R 
decreases the cAMP via inhibition of adenylate cyclase. A1R stimulates the release of calcium ions from 
intracellular stores. A1R couples to MAPK pathways, including ERK1,2, PI3K, MEK1 and P38 kinase. The 
stimulation of A2AR increases the cAMP via activating of adenylate cyclase. A2AR couples to MAPK 
pathways, including ERK1,2, MEK1, PKA, RAP1 and BRAF. The stimulation of A2BR increases the cAMP via 
activating of adenylate cyclase. A2BR couples to MAPK pathways, including ERK1,2, PI3K, MEK1, JNK, PKA 
and P38 kinase. 
The stimulation of A3R decrease the cAMP via inhibition of adenylate cyclase. A3R stimulates the release of 
calcium ions from intracellular stores. A3R couples to MAPK pathways, including ERK1,2, PI3K, MEK1 and 
RAS. cAMP, cyclic adenosine mono phosphate; Ca, calcium ion; MAPK, Mitogen-activated protein kinase; 
ERK, Extracellular signal-regulated kinase; MEK, MAP kinase kinase; PI3K, phosphatidylinositol 3 kinase; 
PKA, Protein kinase A; RAP, RAS related protein; BRAF, B-Raf Proto-Oncogene Serine/Threonine Kinase; 
JNK, Jun N-terminal kinase 
 
 
Figure2. Tumor inhibiting and tumor promoting effects via adenosine receptors stimulation in different tumors. 
A1R stimulation leads to inhibition of tumors cells proliferation and also leads to apoptosis induction through 
activation of caspases. In contrast, the pro-tumor effects of A1R stimulation include increase chemotaxis and 
proliferation in tumors cells. Stimulation of A2A resulted in cell death in some tumors cells. The pro-tumor 
effects of A2A include increase in angiogenesis through VEGF and some immune-escaping mechanisms shown 
in the shape. A2B stimulation leads to inhibition of ERK1,2 phosphorylation in tumors cells but its pro-tumor 
effects of A2B include increase in angiogenesis and in IL-8 and VEGF in several cancers. A3R stimulation has 
anti-tumor effects via decreasing the cell proliferation and migration in several tumors cells and also has 
immune-stimulating effects such as induction of G-CSF and IL-12 secretion from immune cells. The A3R pro-
tumor effects include increase in VEGF, HIF-1, MMP-9, angiogenesis, migration, proliferation and invasion in 
cancer cells. 
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Table1. The overexpression of ARs in human tumor cell lines* 
Cell line name Type of cell line 
Adenosine receptors** 
A1 A2a A2b A3 
A-431 Epidermoid carcinoma cell line 0.2 0.2 29.6 - 
A549 Lung carcinoma cell line 2.6 0.2 16.6 - 
AN3-CA Endometrial adenocarcinoma cell line 0.2 0.1 0.6 - 
ASC TERT1 
Telomerase-immortalized adipose tissue-derived mesenchymal 
stem cell line 
1.1 - 7.4 - 
BEWO Metastatic choriocarcinoma cell line 0.2 0.7 0.7 - 
BJ hTERT+ 
Adherent BJ fibroblast cell line immortalized with ectopic 
expression of hTERT 
2 1.4 22.7 - 
BJ hTERT+ SV40 
Large T+ 
Adherent BJ fibroblast cell line immortalized with ectopic 
expression of hTERT, transformed with SV40 Large-T infection 
0.5 0.5 16.7 - 
BJ hTERT+ SV40 
Large T+ RasG12V 
Adherent BJ fibroblast cell line immortalized with ectopic 
expression of hTERT, transformed with SV40 Large-T infection, 
made metastasizing with oncogenic H-Ras 
0.3 0.1 21.6 - 
CACO-2 Colon adenocarcinoma cell line 23 0.5 7.3 - 
CAPAN-2 Pancreas adenocarcinoma cell line 0.6 0.1 30.4 - 
Daudi Human Burkitt lymphoma cell line - 16.8 3.2 0.1 
EFO-21 Ovarian cystadenocarcinoma cell line 6.8 0.4 7.3 - 
HaCaT Spontaneously immortalized keratinocyte cell line 0.1 0.3 45.9 - 
HBF TERT88 Telomerase-immortalized adherent brain fibroblast cell line  0.2 - 22.3 - 
HDLM-2 Hodgkin lymphoma cell line - 0.6 9 1.5 
HEK 293 Embryonal kidney cell line 1 1.2 16.5 - 
HEL Erythroleukemia cell line 0 0.2 29.3 0.7 
HeLa Cervical epithelial adenocarcinoma cell line 0.1 - 4 - 
Hep G2 Hepatocellular carcinoma cell line - 0.4 8.9 - 
HL-60 Acute promyelocytic leukemia cell line - 0.2 - 0.1 
HMC-1 Mast cell leukemia cell line 0.1 2.9 143 89.4 
hTCEpi Telomerase-immortalized corneal epithelial cell line - 0.1 13.3 - 
HUVEC TERT2 Telomerase-immortalized umbilical vein endothelial cell line - 0.4 6.9 - 
K-562 Chronic myeloid leukemia cell line - 0.2 1.5 - 
Karpas-707 Multiple myeloma cell line - 19.8 0.1 0.1 
LHCN-M2 Telomerase-immortalized adherent myoblast cell line 4.4 - 14.6 - 
MCF7 Metastatic breast adenocarcinoma cell line 16.3 0.2 6.7 - 
MOLT-4 Acute lymphoblastic leukemia cell line - 6.9 1.8 0.1 
NB-4 Acute promyelocytic leukemia cell line - 0.2 4.1 7.2 
NTERA-2 Embryonal carcinoma cell line 9.5 0.1 1.9 - 
PC-3 Prostate adenocarcinoma cell line - - 23.7 - 
REH Pre-B cell leukemia cell line - 0.3 - 0.1 
RH-30 Metastatic rhabdomyosarcoma cell line 52.4 0.4 0.4 - 
RPMI-8226 Multiple myeloma cell line 1.5 22.7 - - 
RPTEC TERT1 Telomerase-immortalized proximal tubular epithelial cell line 22.1 - 13.3 - 
RT4 Urinary bladder transitional cell carcinoma cell line - 0.2 7.3 - 
SCLC-21H Small cell lung carcinoma cell line 0.8 1.2 1 - 
SH-SY5Y Metastatic neuroblastoma cell line 0.8 3.6 1.2 - 
SiHa Cervical squamous carcinoma cell line 4.1 0.2 15.2 - 
SK-BR-3 Metastatic breast adenocarcinoma cell line 26.3 5.4 2.6 - 
SK-MEL-30 Metastatic malignant melanoma cell line 0.4 - 6.8 - 
T-47d Breast cancer cell line 1.6 0.2 0.1 - 
THP-1 Acute monocytic leukemia cell line 0.5 - 3.4 0.3 
TIME Telomerase-immortalized human microvascular endothelial cells - - 6.4 - 
U-138 MG Glioblastoma cell line 14.7 1 6.4 - 
U-2 OS Osteosarcoma cell line 9 2.3 18.1 - 
U-2197 Malignant fibrous histiocytoma cell line - 0.5 17 - 
U-251 MG Glioblastoma cell line 8.3 0.1 25 - 
U-266/70 Multiple myeloma cell line - 21 2.1 - 
U-266/84 Multiple myeloma cell line 0.1 24.2 - - 
U-698 B-cell lymphoma cell line - 12.9 - - 
U-87 MG Glioblastoma, astrocytoma cell line 9.2 1.8 25.3 - 
U-937 Monocytic lymphoma cell line - 3.8 - - 
WM-115 Malignant melanoma cell line 1.2 0.2 9.1 - 
*
These report is RNA expression of ARs in cell lines based on the Human Protein Atlas data bank of protein and 
RNA expression, A1R (http://www.proteinatlas.org/ENSG00000163485-ADORA1/cell), 
A2AR(http://www.proteinatlas.org/ENSG00000128271-ADORA2A/cell), 
A2BR(http://www.proteinatlas.org/ENSG00000170425-ADORA2B/cell), 
A3R(http://www.proteinatlas.org/ENSG00000282608-ADORA3/cell)  
**
The expression rate is calculated by the unit of TPM (Transcripts Per Million) 
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hTERT. human telomerase reverse transcriptase; SV40. Simian virus 40 
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Tab e     e ro es of  s in ma i nant t mor  s 
 A1R A2AR A2BR A3R 
Increase 
proliferation 
MDA-MB-468 Breast cancer 
cell line (Mirza et al., 2005) 
MCF-7 Breast cancer cell line 
(Bieber et al., 2008) , 
Endothelial cells (Lutty and 
McLeod, 2003)* , BON-1 
pancreatic carcinoma cell line, 
KRJ-1 Intestinal carcinoma 
cell line (Kalhan et al., 2012)  
Endothelial cells, DU145, 
LNCaP and PC-3 prostate 
cancer cell lines (Wei et al., 
2013), BON-1 pancreatic 
carcinoma cell line, KRJ-1 
intestinal carcinoma cell line 
(Kalhan et al., 2012), MB49 
bladder carcinoma cell line, 
4T1.2 Breast cancer cell line 
(Cekic et al., 2012)*, 22RV1 
prostate cancer cell line 
(Vecchio et al., 2016), Oral 
squamous cell carcinoma 
(Kasama et al., 2015), 
HT29, Caco-2 and DLD Colon 
cancer cell line (Gessi et al., 
2007; Sakowicz-Burkiewicz et 
al., 2013), A375 and C32 
Melanoma cell lines (Soares et 
al., 2014),  
Decrease 
proliferation 
L0V0 Colon cancer cell line 
(D'Ancona et al., 1993), TM4 
Sertoli-like cell line (Shaban et 
al., 1995), MOLT-4 Leukemia 
cell line, T47D Breast cancer 
cell line, HS578T Breast 
cancer cell line (Barry and 
Lind, 2000), MCF-7 Breast 
cancer cell line (Dastjerdi et 
al., 2015), Glioblastoma 
(Daniele et al., 2014), B16F10 
Melanoma cell line (Koszałka 
et al., 2016)*, D283 
Medulloblastoma cell line 
(Cappellari et al., 2015)* 
B16F10 Melanoma cell line 
(Koszałka et al., 2016)*, 
Glioblastoma multiform 
(Daniele et al., 2014) 
CCL228 and Caco-2 Colon 
cancer cell line? (Polycarpou et 
al., 2013), Nb-211c and YAC-
1 Lymphoma cell line, K-562 
and HL-60 Leukemia cell 
lines, B16F10 Melanoma cell 
line, MCA Sarcoma cell line 
(Bar-Yehuda et al., 2001; 
Fishman et al., 2000b; Fishman 
et al., 2002), LN-CaP, DU-145 
and PC-3 prostate cancer cell 
lines (Aghaei et al., 2011), 
MIA-PaCa Pancreatic cancer 
cell line (Fishman et al., 2003), 
HCT-116 Colon cancer cell 
line (Polycarpou et al., 2013) 
(Sakowicz-Burkiewicz et al., 
2013), A375 Melanoma cell 
line (Merighi et al., 2005b), 
Breast cancer cells, Lewis 
Lung cancer cell line, PC12 
pheochromocytoma cell line 
(Nakamura et al., 2006; 
Panjehpour and Karami-
Tehrani, 2004; Panjehpour and 
Karami-Tehrani, 2007; 
Vincenzi et al., 2012) 
Cell cycle 
progression and 
increase cell cycle 
mediators 
MDA-MB-468 Breast cancer 
cell line (Mirza et al., 2005), 
HeLa cervical carcinoma cell 
line (Increase CDK4 and 
Cycline-E expression) (Mirza 
et al., 2005) 
   
Cell cycle arrest    LN-Cap, DU-145 and PC3 
prostate cancer cell lines 
(Aghaei et al., 2011) 
Increase apoptosis MCF-7 Breast cancer cell line 
(Dastjerdi et al., 2015) 
 OVCAR-3 and Caov-4 
Ovarian cancer cell lines 
(Hajiahmadi et al., 2015) 
LN-CaP, Du-145 and PC-3 
prostate cancer cell line 
(Aghaei et al., 2012), HCT-116 
Colon cancer cell line 
(Sakowicz-Burkiewicz et al., 
2013), RCC4-VHL Renal 
cancer cell line (Nagaya et al., 
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2013), Hepatocellular 
carcinoma (Stemmer et al., 
2013)*, LU-65 and SBC3 Lung 
cancer cell lines (Kanno et al., 
2012; Otsuki et al., 2012), Li-
7A, N1S1, Hep-3B Hepatoma 
cell lines (Bar-Yehuda et al., 
2008; Cohen et al., 2011; Wen 
and Knowles, 2003), Tyroid 
cancer (Morello et al., 2009), 
NRK-52E renal tubular 
epithelial cell line (Kadomatsu 
et al., 2012), A549 lung type 2 
alveolar-like (Kamiya et al., 
2012; Varani et al., 2006), 
Mesothelioma (Nogi et al., 
2012)  
P27 inhibition HeLa cervical carcinoma cell 
line (Mirza et al., 2005) 
   
Increase caspase-3 
and caspase-9 
Astrocytoma (Sai et al., 2006) Caco-2 Colon cancer cell line 
(Yasuda et al., 2009) 
 LU-65 Lung cancer cell line 
(Otsuki et al., 2012),  
Decrease Caspases   PC-3 prostate cancer cell line 
(Cas3) (Wei et al., 2013) 
 
Increase 
survival/Decrease 
apoptosis 
 HCT-116 Colon cancer cell 
line (Sakowicz-Burkiewicz et 
al., 2013),  
 D384 astrocytoma cell line 
(Björklund et al., 2008), MCF-
7, MDA-MB-468 and MRMT-
1 Breast cancer cell lines 
(Varani et al., 2013), U87MG, 
A172 glioblastoma cell line 
(Gessi et al., 2010; Merighi et 
al., 2007a), 2H3 basophilic 
leukemia 
mast cell line (Gao et al., 2001) 
Increase cell death  A375 Melanoma cell line 
(Merighi et al., 2001) 
 U937 macrophage cell line, 
HL-60 Leukemia cell line 
(Sajjadi et al., 1996; Yao et al., 
1997), 
Increase tumor 
growth 
 B16F10 Melanoma cell line 
(Eini et al., 2015)*, Lung 
adenocarcinoma (Mediavilla-
Varela et al., 2013)* 
B16F10 Melanoma cell line 
(Sorrentino et al., 2015)* 
 
Increase invasion    A375 and C32 Melanoma cell 
lines (Soares et al., 2014), 
U87MG Glioblastoma (Gessi 
et al., 2010), 
Decrease tumor 
growth and 
invasiveness 
   AT6.1 prostate cancer cell line 
(Jajoo et al., 2009)*,  HCT-116 
human colon carcinoma cell 
line, CT-26 murine colon 
carcinoma cell line (Ohana et 
al., 2003)* 
Increase chemotaxis 
and migration 
A2058 Melanoma cell line 
(Woodhouse et al., 1998),  
Endothelial cells (Montesinos 
et al., 2002), MDA-MB-231 
Breast cancer cell line (Zhou et 
al., 2015) 
 A375 and C32 Melanoma cell 
lines (Soares et al., 2014), 
HT29 Colon cancer cell line 
(Merighi et al., 2007b), 
Increase metastasis  B16F10 Melanoma cell line  
(Beavis et al., 2013; Cekic et 
al., 2014; Mittal et al., 2014)*, 
4T1.2 Breast cancer cell line 
(Beavis et al., 2013)*,  
4T1.2 Breast cancer cell line, 
BL16BL6 Melanoma cell line 
(Beavis et al., 2013)*, Breast 
cancer cells (Stagg et al., 
2010)* 
 
Decrease metastasis    Breast cancer cells (bone 
metastasis) (Varani et al., 
2013)*  HCT-116 human colon 
carcinoma cell line, CT-26 
murine colon carcinoma cell 
line (Ohana et al., 2003)* 
Increase 
angiogenesis 
B16F10 Melanoma cell line 
(through increasing VEGFR2) 
(Koszałka et al., 2016)* 
Lung adenocarcinoma 
(Mediavilla-Varela et al., 
2013)* 
B16F10 Melanoma cell line 
(Sorrentino et al., 2015)* 
 
Increase angiogenic 
factors and receptors 
 Endothelial cells (Montesinos 
et al., 2002)* 
Endothelial cells (VEGF, IL-8, 
bFGF) (Feoktistov et al., 
2002), HMC-1 Mast cell line 
HT29 colon cancer cell line 
(VEGF) (Merighi et al., 
2007b), A375 Melanoma cell 
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*
These studies are in vivo while the others are in vitro 
 
  
(VEGF, IL-8) (Feoktistov et 
al., 2003), HT29 colon 
carcinoma cell line (IL-8) 
(Merighi et al., 2007b), 
U87MG Glioblastoma (IL-8) 
(Zeng et al., 2003) , A375 
Melanoma (IL-8), B16F10 
Melanoma cell line (VEGF) 
(Merighi et al., 2009) 
(Sorrentino et al., 2015), 
line (angiopoietin-2) (Merighi 
et al., 2009), U87MG 
Glioblastoma, HMC-1 Mast 
cell line (angiopoietin) 
(Feoktistov et al., 2003), 
B16F10 Melanoma cell line 
(VEGFR2) (Koszałka et al., 
2016)*  
Decrease 
vascularization, 
angiogenesis and 
decrease angiogenic 
factors/receptors 
D283 Medulloblastoma cell 
line (Cappellari et al., 2015)* 
B16F10 Melanoma cell line 
(VEGFR2) (Koszałka et al., 
2016)* 
 T/C-28a2 chondrocytes 
(Vincenzi et al., 2013) 
Protect endothelial 
integrity 
HEC-1A and HEC-1B 
Endometrial carcinoma cell 
line (Bowser et al., 2016) 
   
Increase 
immunoescaping 
 T cell, Glioma (through IL-10, 
MCP1 and M2 macrophage) 
(Bergamin et al., 2015), 
B16F10 Melanoma cell line 
(through suppression of NK 
and T cells) (Beavis et al., 
2013; Cekic et al., 2014; Mittal 
et al., 2014)*, Lung 
adenocarcinoma (T-cell 
suppression) (Mediavilla-
Varela et al., 2013)* 
B16F10 Melanoma cell line 
(through increasing MDSC) 
(Sorrentino et al., 2015)* 
 
Increase macrophage 
tumor infiltration 
B16F10 Melanoma cell line 
(Koszałka et al., 2016)* 
B16F10 Melanoma cell line 
(Koszałka et al., 2016)* 
 B16F10 Melanoma cell line 
(Koszałka et al., 2016)* 
Increase ERK1/2   GL1 and U87 Glioblastoma 
(Liu et al., 2014) 
 
Decrease ERK1/2   MBA-MB-231 Breast cancer 
cell line (Bieber et al., 2008) 
 
Increase HIF-1α   Oral squamous cell carcinoma 
(Kasama et al., 2015) 
HT29, Caco-2 and DLD Colon 
cancer cell lines, A375 
Melanoma cell line, U87MG 
Glioblastoma (Merighi et al., 
2005a; Merighi et al., 2007a; 
Merighi et al., 2006)  
Other 
cytokines/enzymes/ 
factors 
 HepB3 Hepatoma  cell line 
(Increase erythropoietin) 
(Fisher and Brookins, 2001; 
Nagashima and Karasawa, 
1996)* 
PC-3 prostate cancer cell line 
(Decrease LDH) (Wei et al., 
2013), Astrocytoma (Increase 
IL-6), U87MG and A172 
Glioblastoma cell lines 
(Increase MMP-9) (Gessi et 
al., 2010; Merighi et al., 
2007a),  
T/C-28a2 chondrocytes and 
hFOB 1.19 osteoblasts 
(Decrease IL-6, IL-8, 
PGE2)(Vincenzi et al., 2013), 
RAW 264.7, U937 and J774.1 
macrophage cell line(Decrease 
TNF-α and MIP-1α (Martin et 
al., 2006; McWhinney et al., 
1996; Sajjadi et al., 1996; 
Szabo et al., 1998), XS-106 
dendritic cell line (Decrease 
TNF-α) (Dickenson et al., 
2003), BV2 microglia cell line 
(Decrease TNF-α) 
(Hammarberg et al., 2003) 
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Table3. The role of AR agonists/antagonists in malignant tumors. 
 
Roles of antagonists in tumors Antagonists 
Adenosine 
Receptors 
Agonists Roles of agonists in tumors 
- Decrease proliferation
*
 (Dastjerdi et 
al., 2015)
 
- Induce p53-mediated apoptosis
*
 
(Dastjerdi et al., 2015)
 
- Increase apoptosis and cellular 
damage following oxidative stress
*
 
(Lee et al., 2004) 
 
DPCPX 
 
A1R 
 
CHA 
R-PIA 
CPA 
CCPA 
- Decrease proliferation
*
 
(Hosseinzadeh et al., 2008; Koszałka 
et al., 2016)
 
- Increase survival
* 
(Dastjerdi et al., 
2015)
 
- Decrease p53 expression
*
 (Dastjerdi 
et al., 2015)
 
- Tumor inhibitory effects
*
 
(Hosseinzadeh et al., 2008; Koszałka 
et al., 2016) 
- Reduce apoptosis and oxidative 
stress damages
*
 (Lee et al., 2004)
 
- Increase angiogenesis
*
 (Koszałka et 
al., 2016) 
- Induce apoptosis through activation 
of caspase-3 and caspase-9
*
 (Sai et al., 
2006) 
- Reduce tumor metastasis and tumor 
cell migration (Beavis et al., 2013; 
Mittal et al., 2014; Zhou et al., 2015) 
- Enhance NK cell activity (Beavis et 
al., 2013; Mittal et al., 2014) 
- Increase anti-tumor response (Beavis 
et al., 2015; Mittal et al., 2014) (Eini et 
al., 2015; Loi et al., 2013) 
- Increase T-CD8+ function (Beavis et 
al., 2015) 
- reduce tumor-associated T cell 
numbers * (Cekic and Linden, 2014) 
- Enhance GM-CSF secreting tumor 
vaccines (Waickman et al., 2012) 
- Improve the clinical efficacy of anti-
PD-1 and anti-CTLA-4 mAb therapy 
(Beavis et al., 2015; Iannone et al., 
SCH58261 
FSPTP 
SYN-115 
ZM-241385 
ANR94 
A2AR CGS-21680 
- Immunosuppressive effects
*
 (Beavis 
et al., 2013; Koszałka et al., 2016) 
- Tumor promoting effects
*
(Beavis et 
al., 2013; Koszałka et al., 2016) 
- Enhance tumor metastasis
* 
(Beavis 
et al., 2013) 
- Inhibit tumor growth, angiogenesis 
and metastasis
* 
(Koszałka et al., 2016) 
- Tumor inhibitory effects
*
(Koszałka 
et al., 2016)
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2014; Mittal et al., 2014) 
- Decrease tumor growth, Proliferation, 
angiogenesis, migration and 
metastasis(Beavis et al., 2013; Cekic et 
al., 2012; Ma et al., 2010; Sorrentino et 
al., 2015; Vecchio et al., 2016; Wei et 
al., 2013; Zhou et al., 2015) 
- Decrease IL-10, MCP-1, TH-1 like 
cytokines (Iannone et al., 2013) 
- Decrease MDSC infiltration in tumor 
(Iannone et al., 2013) 
- Increase T-CD8+, NKT cells 
(Iannone et al., 2013) 
- Increase the effect of anti-VEGF 
therapy (Sorrentino et al., 2015) 
- Increase LDH, Caspase-3 (Wei et al., 
2013) 
- Increase IFN-γ and CXCL10 and 
CXCR+ Tcells (Cekic et al., 2012) 
- Enhance DC activation (Cekic et al., 
2012) 
- Induce more potent anti-tumor 
responses (CXCR3-dependent) (Cekic 
et al., 2012) 
- Block of Ca2+ downstream signaling 
pathway (Panjehpour et al., 2005) 
- inhibit IL-8 and VEGF secretion 
(Feoktistov et al., 2003)  
PSB1115 
PSB603 
ATL801 
Aminophylline** 
MRS1754*** 
IPDX 
A2BR 
BAY60-
6583 
NECA
** 
PHPNECA
** 
 
- Increase tumor growth, proliferation, 
angiogenesis and metastasis (Beavis et 
al., 2013; Koszałka et al., 2016; Stagg 
et al., 2010) 
- Induce mitochondrial signaling 
pathway of apoptosis (Hajiahmadi et 
al., 2015) 
- Increase VEGF, cAMP , IL-10 
(Iannone et al., 2013; Ryzhov et al., 
2008; Sorrentino et al., 2015; Wei et 
al., 2013) 
- Decrease LDH, Caspase-3 (Wei et 
al., 2013) 
- Decrease cell viability and increase 
apoptosis (Hajiahmadi et al., 2015; 
Long et al., 2015) 
- Increase tumor cell migration (Stagg 
et al., 2010) 
- Increase MDSC infiltration in tumor 
(Sorrentino et al., 2015) 
- Increase proliferation, tumor growth 
and angiogenesis (Bar-Yehuda et al., 
2001; Nakamura et al., 2006; 
Yoshikawa et al., 2008) 
- Decrease proliferation of bone 
marrow cells (Bar-Yehuda et al., 2001) 
 
MRS1191 
MRS1220 
MRS1523 
A3R 
IB-MECA 
Cl-IB-
MECA 
Cordycepin 
 
- Decrease NF-κB and Wnt pathways 
(Bar-Yehuda et al., 2008; Fishman et 
al., 2001; Fishman et al., 2006; 
Fishman et al., 2004; Fishman et al., 
2002; Harish et al., 2003; Van 
Troostenburg et al., 2004) 
- Increase infiltration of pro-
inflammatory macrophages (Fishman 
et al., 2004; Koszałka et al., 2016)    
- Increase anti-tumor function of NK 
(Harish et al., 2003; Mirandola et al., 
2004; Morello et al., 2011) 
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- Increase recruitment and activation 
of cytotoxic CD 8+ T cells in tumor 
site (Montinaro et al., 2012; Morello 
et al., 2011) 
- Increase the number of mature and 
active dendritic cells in tumor site 
(Morello et al., 2011) 
- Increase IL-12, TNF-α and IFN-γ 
(Harish et al., 2003; Morello et al., 
2011) 
- Induce cytotoxic signals in tumor 
cells (Panjehpour and Karami-
Tehrani, 2007) 
- Decrease tumor growth, proliferation 
and metastasis (Brambilla et al., 2000; 
Harish et al., 2003; Iannone et al., 
2013; Koszałka et al., 2016; 
Montinaro et al., 2012; Morello et al., 
2011) (Bar-Yehuda et al., 2008; 
Ohana et al., 2003) 
- Induce apoptosis by upregulation of 
the pro-apoptotic proteins BAD, BAX 
and Caspase-3 (Aghaei et al., 2011; 
Bar-Yehuda et al., 2008) 
- Tumor inhibitory effects (Bar-
Yehuda et al., 2008; Iannone et al., 
2013; Koszałka et al., 2016; 
Montinaro et al., 2012; Morello et al., 
2011; Ohana et al., 2003) 
- Help to growth of normal cells (Bar-
Yehuda et al., 2002; Ohana et al., 
2003) 
- Enhance the myelopoiesis (Bar-
Yehuda et al., 2002; Ohana et al., 
2003) 
- Inhibit the myelotoxic effects of 
chemotherapy (Bar-Yehuda et al., 
2002) 
- Cardioprotective effect during 
chemotherapy (Zhang et al., 2009) 
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*
These effects might be varying or even inverting by the tumor type, tumor stages, types and doses of used 
agonist/antagonist 
**
Non-selective ligands 
*** Specific A2BR antagonist at low dose but not specific at high dose (Zhou et al., 2015) 
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Figure 2 
 
 
